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PREFACE. 



The contents o£ the following pages bave already 
appeared in the columns of Engineering. The pur- 
pose of this " replica " ia to present the revised results, 
and tables, in a more accessible form than they could 
attain scattered in a desultory manner through suc- 
cessive numbers of a periodical. 

The subject, in its present form, was suggested by 
the discussion, at the Institution of Civil Engineers, 
following Mr. Barlow's paper on the Clifton Sus- 
pension Bridge; when the absence of any simple gene- 
ralization of the question was evidenced. Prior to 
that time, however, the consideration of "Long-span 
Railway Bridges" devolved upon the author in the 
course of his professional duties, and some valuable 
*data had accumulated. On proceeding with the in- 
vestigation, it was at once seen that a strictly mathe- 
matical treatment of the subject would entail lengthy 
and involved formnlte, and absorb far greater space 
than was available for the purpose ; indeed, the works 
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of Gaudard and Schwedler, treating on the same 
subject, but within very narrow limits, plainly illus- 
trated this fact. Accordingly, the various hypotheses, 
which it is absolutely necessary to make in an inquiry 
of this nature, are framed as comprehensively as 
possible ; and in many instances the result of a care- 
ful balancing of probabilities is given without ex- 
hibiting the process by which it has been evolved. 
In short, elimination, and not elaboration, has been 
the aim throughout. 

B. B. 
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According to Dr. Johnaon, a bridge ia " a structure 
to carry a road across a watercourse;" and although 
this interpretation of the word is not sufficiently 
comprehensive to include all cases in the present 
progressed stage of the art of building, yet, if we 
limit its application to long spans alone, we loay even 
render it still more explicit, and with very little 
liability to error define a long-span bridge to be a 
structure for carrying a railuay across a watercourse. 
The reasons why this is the case are sufficiently obvi- 
ous ; in the first place, the condition necessitating the 
adoption of a long span is generally either that a 
certain width of opening must be provided clear of 
all obstructions, or that the expense of carrying up a 
number of lofty piers is, owing to some difficulty in 
obtaining secure foundations, so great as to render it 
more economical to reduce the number of individual 
and so concentrate the resulting greater 
■er points. Neither of these conditions is 
except when a watercourse is the ob- 
nounted, when, probably, a navigable 
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rlhe adjacent spans of greater length and weight than 
would ordinarily be required, in order to enable them 
to contribute more effectively to the support of the 
larger centre span. In short, it is plain that the de- 
termination of the most economical construction for 
a bridge of given span is a problem admitting of no 
definite solution. We may, however, facilitate the 
^^ process much, and obtain valuable positive results, if 
^K we confine oar attention at first to the comparative 
^H weights of iron required in the different methods of 
^" constructing the superstructure, which, after all, is by 
far the most important element in determining the 
cost of a long-span bridge. 

The size of a bridge is very commonly the popular 
standard by which the eminence of its engineer is mea- 
sured ; we may, therefore, naturally expect to find 
I engineers ambitious of excelling one another in this 
particular branch of their profession, but for the same 
reason, as so much consideration must necessarily at 
one time and another have been devoted to the eluci- 
dation of the subject, a student of engineering may 
_ justly be surprised to find so little definite information 
existing as to the capabilities of all possible combi- 
nations of design to do the required work effectively 
J and economically. Yet the number of patents taken 
^^M out by professional and other quacks indicates clearly 
^^ft the want of appreciation of the fact that the problem 
^^^is one admitting of a rigid theoretical solution, and 
that the limit beyond which the quantity of metal 
required in theactual construction exceeds the amount 
theoretically required, will hi-- n factor of the hitler 
Iqiiantity, the value of w'" ■ uted 
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to very nearly, if we avail ourselves of the stock of 
information afforded by existing tbougli similar struc- 
tures. 

Although, as we ^rge, it is possible to approximate 
very nearly to a true result in every case, a consider- 
able amount of intricate calculation and considerable 
space would be required to treat the subject exhaus- 
tively. Yet a great deal may be done with little 
labor if we base our investigations on the simplest 
and broadest principles, avoiding all complications 
and neglecting altogether minute detaih. If we pro- 
ceed thus, we may, by making, so to speak, a cartoon 
of the different systems, exhibit in bold outline the 
respective advantages and disadvantages appertaining 
to each. This will be our aim in the present paper. 
We shall investigate on the above broad principles 
the weights of different types of girders, including all 
probable combinations, from the minimum span of 
300 ft. to the limiting span, beyond which it would 
beimpossible to construct a bridge of the class capable 
of carrying more than its own weight without ex- 
ceeding the given limiting strain per square inch. 
We shall carry out similar investigations both for 
iron and steel, and so conduct them, that by arranging 
the results graphically in the form of a diagram we 
may obtain a comprehensive view of the properties 
of the different designs and the nature of the laws 
governing the increase of weight, and consequent 
relative cost of the different constructions in the two 
naterials. 

The general principles on which we shall proceed are 
identical with those already advanced by the author 
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in a paper on "The Proper Depth of Girders" {En- 
vol ii. p. 224), We shall, where we con- 
sider it advisable, saorifica mathematical exactness of 
formulas to simplicity, and generally allow a very 
free interpretation of theoretical deductions; the nu- 
merical results will be worked out with the slide rule, 
and, in short, the process throughout will be consistent 
with our professed object of exhibiting a cartoon-like 
view of the subject under consideration. 

In the paper alluded to, we observed that the maxi- 
mum strain on each flange of a girder of uniform 
depth is, by the simple principles of leverage, equal to 
the distributed load multiplied by the span, and divi- 
■ded by eight times the depth, the strain being greatest 
■at the centre, and leas elsewhere in proportion to the 
ordinates of a parabola ; and as this strain on the 
flange could only have been transmitted through the 
web, a little consideration will make it evident that 
for a distributed load, whatever the resultant strain 
may be, the total amount on the half web, resolved 
horizontally, must be equal to the maximum strain ou 
the flange, or, in other words, the horizontal sectional 
area of a plate web should be equal to double the 
sectional area of the flange at the centre. For a lattice 
web the gross sectional area of all the bars should be 
greater than this in the same ratio aa the length of a 
bar exneeds the horizontal distance included between 
its two ends, which for the most economical angle of 
45° for the bars amounts tO\/2 times the section re- 
quired in a plate web, and the mass will consequently 
he \^2x y/2^ double that of the plate web. E.t- 
2* 
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pressed algebraically, S being the spaB, and d the 
depth in feet, a the sectional area of each flange, a: 
and y coefficients depending upon the practical con- 
struction of the flange and web respectively ; the mass 
of the plate girder will be=2« (Sx+^cf), and that of 
the lattice girder will be=2a (Sx+2^^rf), 

With the plate web, we found the variable ratio of 
rf to S to he governed, chiefly, by the minimum thick- 
ness of plate allowed in the construction of the web, 
which W"e considered should increase with additional 
loads per foot on the girder. With the lattice girder, 
we considered that, whilst the weight of the flange 
would in all cases be inversely proportional to the 
depth, that of the web, beyond certain limits, would 
iocrease directly as the depth ; that is, although theo- 
• retically constant, there would be some limit beyond 
which the additional strength required in the struts 
as columns would necessitate a greater quantity of 
metal than the shorter struts with the heavier direct 
compression. This limit we have in all iostanceacon- 
sidered to be reached when the weight of the web 
becomes equal to that of the flanges. That is, since 
the mass of the flanges, 2Sa:, increases inversely, and 
that of the web, 4ycf, increases directly as the depth, 
the minimum value of the whole mass 2Sa:+4vrf, will 
occur where 23x™42/rf. The effect of this in the dif- 
ferent constructions will be controlled and adjusted i 
for each case bj the variable values of the coefficients j 
X and y. 

In order to arrive at the weight of iron required 
in the construction of a girder capable of carrying a 
;iven load with a given max;imum strain per square , 
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inch, we shall find it convenient to invert somewhat 
the ordinary method. Thus, instead of starting with 
the load and determining the strain on that data, we 
shall deduce the former element from the latter. 
Taking 1 square inch area of flange as the section 
resisting the maximum horizontal strain on that mem- 
ber, the mass of the lattice girder will be 2{&x + 2yd); 
and from that we can easily determine the moment 
and the strain on the flange due to the load of the 
girder itself, which would obviously be the same 
amount per unit of area, whatever the gross section 
of the flange might be. "We have given, the limiting 
strain per square inch due to the entire Ioad=T, the 
strain per square inch due to the weight of the girder 
it.self=(, and, consequently, we have also T — I, the 
strain available for the useful load carried. Again, 
it follows that — moment of weight of girder: moment 
of useful load : : ( : T — t; and that, if the weight of 
the girder be uniformly distributed in the same man- 
ner as the remaining load, we have — weight of girder: 
useful load :: i :T — (. Or, inotherwords,theweight 
of iron required in the construction of a girder to 



i given Ji 



1 will be the multiple - 



. of that 



carry a 
load. 

By adopting the above method, we have much faci- 
litated the solution of the problems before us, as we 
can now proceed with our investigations without com- 
plicating the question by the introduction of the 
varying loads, to which we are in each individual 
ca.se liable. 

The types of construction to one or the other of 
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which we consider ail forms of bridges, not absolute 
eccentricities, may be referred, and to whicli, conse- 
quently, we bave confined our investigations, are the 
following! — 

1. Box-plate girders, including tubular bfidges, 

2. Lattice do. do. Warren truss, &o. 

3. Bowstring do, do. Saltash type. 

4. Straight links and boom. Bollman truss. 

5. Cantilever lattice parallel depth. 

6. Do. do. varying economic depth. 

7. Continuous do. do. do. 

8. Arched ribs with braced spandrils. 

fl. Suspension with lattice stiffening girders. 

10. Suspended girders. 

11. Straight link suspension. 

The comparative weights of the above constructions, 
both in iron and steel, will be investigated; but we 
shall first complete the necessary calculations for ob- 
taining the weight of each of them in iron before we 
introduce the more novel material steel. 

Commencing with the most unfavorable type for 
long-span railway bridges which it will be necessary 
for U3 to investigate — the box girder with plate 
weba — -we might, without any preliminary calculation, 
and with a very little amount of consideration, foretell 
the uneconomical results which must necessarily fol- 
low the distribution of meta! in such an unsuitable 
form. Thus, the economical depth will he much less, 
an'' tly the sectional area of flange required 

id *■ '" be much greater, than in any 
A.gain the amount of metal 
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rrequired to prevent the buckling of the deep thin 
plates would be nearly suffieient to form the struts of 
a lattice girder; therefore, the efl'ectire duty of such 
web will be little more than the resistance it offers 

I to tensional strains. But these strains may be more 
jconomically disposed of by means of lattice bars than 

flsy a solid plate ; for, in the first case, the section may 
always be made proportional to the strain on the in- 
dividual bar, whereas in the latter instance a certain 
minimum thickness of plate must be carried through- 
out, thus involving a waste of metal throughout nearly 
the entire length of the girder. Now the mass of a 
plate girder for each square inch sectional area of 
flange at centre we have found to he equal to 2 (Sx+yd). 
Taking the weight of a bar of iron 1 ft. long and 1 in. 
square at .03 cwt., the above mass multiplied by .03 
will give the weight of the girder in cwts. for each 
square inch section of flange. But the weight muUi- 

I plied by | span will give the moment n : ■ 
Ag. 



Bigain, the strain, (, in cwta. per square inch resulting 
Itom the weight of the girder itself will be ^ ; hence, 



! S3;=S)/(^ when d is the moat economical depth, 
we have : 



Now, the influence of the weight of the weh is the 

ost important element in determining the proper 

ipth for a girder, because whilst all the disturbing 

^fluences affecting the flanges also affect the web, 
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there is, in addition, another element introduced, 
namely, the limiting thickness below which the plates 
may not be reduced ; this is never taken at less than 
J in., and in situations not easily accessible for the 
purpose of painting this thickness should be increased 
to f in.; again, when the load per foot is large, a 
thicker plate is usually employed. Now, the effec- 
tive horizontal section of a web of uniform thickness, 
taking, as in the case of the flanges, a reduced strain 
to compensate for the loss of section through the 
rivet-holes, will, since the strain increases uniformly 
from the centre to the ends, and the span, S, being in 
feet, be equal to 12 Sx^x J thickne8a=3 S x thick- 
ness ; consequently, as the least thickness of plate is J 
in., the least effective horizontal section of any web 
^ill be f S ; and there can be but a small reduction 
in tbe weight of a web of uniform thickness, whatever 
the lightness of the load. 

As far i(fe the web is concerned, there would ob- 
viously be a practical advantage in making the depth 
of a girder small in proportion to the span and 'load. 
Thus, in shallow girders heavily loaded tbe gross 
average thickness varies from twice the net for short 
to two and a half times for long spans; but as the 
small depth is a disadvantage to the flanges, the de- 
termination of the depth at which the joint weights 
'^e flanges and web would be a minimum is tbe pro- 
be solved. Now, W being the distributed load, 
itation remaining as before, the sectional 
centre of the flange, in sq^uare inches, 

which amount will also represent 
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the actual horizontal section required in tte half web ; 
but we have seen that in practice this latter area is 
never less than | S ; consequently, the value of a for 
the web must never be taken at less than that amount. 

As we know the mass, and consequently the weight, 
of a girder to be proportioned to a (&x-\-i/jd), it is 
only necessary now to ascertain to what extent the 
limitingvalueof aforthe web will affect the question. 

Now, taking a web of uniform thickness, and 
adopting the highest value of y, and the lowest of a:, 
it is obvious that if the mass of the flangea exceed that 
of the web, the depth must necessarily be too small, 
since an increased depth would similarly aflect the 
weight of the web directly, and the flange inversely ; 
thus, assuming the mass of the flange to be that of the 
web as 6:4, the sum being 10, then, if the depth 
were increased \, the mass of the web would be 

-=5: and that of the flange ^=4.8, the sum 

6 

I "being 9,8. Again, taking the highest value of x and 

' the lowest of y„ we can arrive in the same manner 

at the maximum depth. If the web be not of uniform 

I thickness, it is even more apparent that an excess in 

' the mass of the flanges over that of the web indiuates 

deficient depth, since increased depth would involve 

a proportionally less increase in the weight of the 

web. We have, therefore, aa:S=a,y,(f, and we know 

, that n, can never be less than | S, and never be more 

WS 



I than ~ 



8(fr 



Now, supposing that the thickness of the 



[■web might be reduced indefinitely, then, in order for 
f the mass of the flange to be equal to that ofiheweb, 
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the span must obviously be to tlie depth &sy,:x; thus, 
theoretically, the flange and web wil! be of Bimilar 
weights when the depth equals | of the span. Al- 
though we cannot reduce the thickness of the web 
below a certain amount, the variations in the value 
of y, are too small to affect materially the economy 
of using as thin a web as possible. Taking a web I 
in. thick, therefore, we have axS^^Sy^d, and a= 

^; therefore, Y^Sx=.6d'Ty,, and rf'-^— . 

"We have previously observed that a thicker plate ' 
than J in. ia desirable if the load per foot exceeds a ! 
certain amount, the limits of which must of necessity 
be determined somewhat arbitrarily; this will, how- 
ever, only affect the value of the constant (6). 

Now, taking a useful load of 35 cwts. per foot to be 
carried by each girder, which will be a sufficient ap- i 
proximation to the truth for our present purpose, we 
have: 

T— ;■ 

Again, taking J in. bare as the minimum thickness 
of plate allowable in the construction of a box girder 
SOO ft. span, and ^ in. fall as that necessary for a 
similar girder 600 ft. span, we obtain for the 300 ft. 
span the value of the constant (c)=10; and for the 
600 ft. span, c=26. Generally, we may put c=3,5 + 
- ■ From existing structures we deduce the valuea 

of X and ?/ to be respectively a;=.93, and y=5.i for 
short spans, increasing in a certain ratio with the span, 
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on account of the extra amount of bracing required ; 
say, 2/ '=5.4 + .002 S. 

"We have, therefore, the strain in cwts. per square 
on the flange of a box girder due to its own weight : 

.OlSS^ic 
' d-^ 

when x=.93, and y»=5.4:+.002 S. 

W 



.i=>iWS^;W=«4TSn^ 0-3.5 



+ 



cj,i ' T—t ' 10 S 

Substituting and reducing, we obtain, when T=80 
cwts. per square inch : 



<=\fl62n+!^_-. 
^ 4 2 

2640 S*+S' 
when n= 23jo(),000' ' 

Applying this formula to the given spans, we ob- 
tain the results shown in the following Table : — 

Strain in cwts. 
Span^in feet. per sq. in. Economic depth. 

300 37 . i span 

400 48 

500 58 

600 68 

700 77 

800 85 I span 

As we have now before us the strains per square 
inch on the girders resulting from their own weights, 
we can, by the methods already shown, at once obtain 
'6 
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We shall defer for the pr?$ent ^ny eon^d<?r»tu>n v>f 
the probable load to which the above s^panjjt art^ U^bW 
in railway bridges, and necessarily al$cs ^ ^^^^ aotual 
weight of iron required in each instance. It will bt> 
found more convenient to treat our type ginWrj* c\>U 
lectively, with reference to the load ; we »hall> th^r^- 
fore, first advance them all as &r as the prec^nliug 
stage. 

In the course of our present investigations!, wo »haU 
constantly find instances whore theorotioal mlvuntng^ 
in form is overruled, and more than noutralijuotl, by 
some practical disadvantage incidental to the con* 
struction of the girder. The typo wo have ulrmtly 
considered is a case in point. Theoretically the pluto 
web girder requires less metal than any other forn^, 
and next to it in economy ranks tho lattice girder with 
bars at the angle of 46°. Now, in praetioo we lliul 
* hese conditions to be precisely revorHed, tlie plate web 
nking lowest, whilst, as we shall horoiilier hIiow, 
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the lattice girder is superior to that type alooe in the 
scale of economy. 

The practical advantage of the lattice girder over 
the plate is due to the greater depth which may eco- 
nomii;a]ly he employed in the former system, and not 
to the smaller quantity of metal required in girders 
of equal depth in both instances. The want of a 
correct appreciation of this fact, or the way in which 
it is commonly ignored, is evidenced but too forcibly 
in the massive stunted lattice girders so prevalent on 
English railways ; and it is no just cause for surprise 
that girders of such proportions should not compete 
snccessfully on the score of economy with the spider- 
like trussing of American lattice bridges. 

Although the stiffness of a lattice girder is less than 
that of a box girder of similar depth, the stiffness of 
the type lattice girder will be greater than that of 
the type bos girder, on account of the greater depth 
obtained in the former construction. 

Adopting a similar mode of procedure to that al- 
ready exhibited in the instance of the box girder, we 
have for 

Type %— Lattice Oirder. 
Mass of girder for each square inch section of flange 
at centre proportional to 2 {Sx+2 yd); which, multi- 
plied by j span and by .03 cwt., will give the moment : 
u = . 0-6^25 + ^^^. 
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Spnn. Multiple. 

300 §1 = .51 

400 11^ = .87 

500 11" = 1.5 

600 Mil = 2.83 

700 m = 8.3 

800 " = CO 

Type 3. — Boicstring Girders. 

The bowstring girder ootisists of an arched rib car- 
rying the load, and a tie, instead of the usual abut- 
ments, reniating the thrust of the arch, and preventing 
Ihe leud^ncy to spread at the feet. If the line pass- 
ing through the centre of gravity of all the cross 
sections of the arched rib corresponds in position with 
the curve of equilihriuni due to the distribution of 
the load, the only connection necessary between the 
arch and the lie will be such vertical ties as may be 
required to transmit the weight of the tic and its 
insistent load to the arched rib. But, as the condition 
of stability of the arched rib requires that the curve 
of equilibrium of the load, aa transmitted to it, should 
correspond in form with the arcU itself, it follows that, 
if the distributiou of the loiul be different to that 
required, the nur ' vertical tiea capable 

oftraosrnitting 1 1 i lines only will not 

hi'jiiiffii'UMit 1 1 i.i^iic.ssiirv to supply 
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arched rib of a bowstring bridge corresponds in form 
verj nearly with the parabolic curve of equilibrium 
due to a distributed load, no diagonal ties are required ; 
but it does not necessarily foHow that if such ties be 
inserted the strain on them would be »i7; in point of 
fact, the deflection of the girder would eommUDicatB 
a certain amount of strain to those members. If, 
however, the load he rolling, it will be absolutely 
necessary to supply such an amount of bracing as may 
bg required to effect the equal distribution of the load 
on the arched rib, whatever may be its actual position 
on the platform of the bridge. 

In either case, however, the quantity of metal re- 
quired will be small compared with the amount 
absorbed in the corresponding "web" portion of a 
parallel girder. We may, therefore, make a bowstring 
girder of greater depth than we could economically 
use in the box or lattice construction. That ia the 
reason why we can in every instance construct a bow- 
string girder of no greater weight than a plate or 
lattice girder of corresponding strength ; and why, 
in cases where the dead load is great, or, in other 
words, when the span is long, we may even construct 
it with a much smaller amount of metal, notwith- 
standing the heavy theoretical disadvantage the bow- 
string girder labors under in the diminished depth 
towards the ends, and the consequent increase, instead 
of diminution, of sectional area of the arched rib at 
those points. 

The stiffness of a bowstring girder will be less than 
that of a lattice girder of similar depth and strength. 
If there were no diagonal members in the construction, 
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the deflection of the arched rib alone, supposing the 
abutments fixed, would be nearly equal to that of the 
lattice girder; whilst, as the abutments are movable 
to the extent of the extension of the tie, that amount 
of deflection would be about doubled. The intro- 

I duction of bracing would diminish this deflection in 
proportion to the strength and adjustment of its 
several parts. With the type bowstring girder this 
condition and the increased depth will diminish the 
deflection to about the same amount as that obtained 
in the instance of the type lattice girder. 

From what we have already observed, it may easily 

I be deduced that the weight of iron required in a bow- 
string bridge to sustain a given load will be governed 

. chiefly by the amount, but partly also by the nature, 
of the load. In a railway bridge the load is of a 
mixed character, consisting of dead and rolling ele- 
ments in varying proportions. We shall therefore 
first deal with the two extreme conditions — all dead 
and all rolling loads — and ascertain the comparative 
quantity of metal required in each. To obtain that 
necessary to carry a mixed load, we shall merely 
combine these amounts in the same proportions as the 
dead and roUing elements obtain in the total load. 
This, of course, is not a correct method theoretically, 
as we are adding together 4- and — strains on some of 
the members. We have, however, in this instance, 
as in several others, in accordance with our professed 
intention of avoiding 'all complications, preferred 
keeping the question in its simplest form; and as the 

I lequired corrections are effected by means of the coef- 

I ficient y, the final result obtained will be correct, 
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althougli tlie process by whiuh it was arrived at is 
not quite so. 

Dead Load [uniformly distrihuied). 

The mass of the tie will he as o S simply, and the 
mass of the arched rib will be that of the tie, together, 
with a certain additional amount due to the shearing 
strain transmitted through the arch. The shearing 
force in action consists of the entire weight of the load, 
leas a certain proportion of it which may be resting 
immediately on the piers without being first trans- 
mitted through the arched rib. Now, instead of ascer- 
taining the increased sectional area required towards 
the ends of the arched rib in consequence of the com- 
bined action of the uniform horizontal force and of the 
uniformly increasing shearing force, and multiplying 
the mean sectional area thus determined by the length 
of the curved rib for its mass, we may approximate 
to the same result very nearly, and by a very simple 
process, if we keep the two forces in action distinct 
throughout, and deal with their masses separately. 
Thus we shall imagine the arched rib to be replaced 
by a horizontal member to resist the horizontal force, 
and by a vertical member equal in height to the depth 
of the girder to resist the shearing force. 

The mass of the horizontal member will, of course, 
be the same as that of the tie=3a S, and the mass of 
the vertical member will, if we take J of the gross 
load as the amount transmitted through the arch, be 

to that amount aa -^^ : S. The total mass of the 
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■ched rib and tie will therefore be aa 

Again, the mass of the vertical raembera trans- 
mitting the weight of the tie and ita inaisteat load to 
the arched rib may, For our purpose, be takcu as equal 

consequently, if a: and;/ be coefficients for the 

tal and vertical members reapectively repre- 
senting the ratio of the metal used in practice to that 
theoretically required, the total mass of the bowstring 
girder for a uniform load will be 

Again, the mass multiplied by J span and by .03 
iwt., will give the amount in cwts. for each square 
ich sectional area of tie; hence for 1 square iuch, 

But y = strain in cwts. per square inch; and since 



ionomic d*- 



we have d= 



■ Is F 
15 ^J^ 



and the 



■train in cwts. per square inch due to the weight of the 
prder itself equal to 



(=.03. 



n-Jl- 



Hailing Load. 

I As the maximum strains on both the arched rib 

|bd the lie occur when the rolling load entirely covers 
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the bridge, it ia obvious that the mass of those i 
bera will be the same as for a distribated load 



.(.s.'-). 



The web portion, however, as we have already shown, 
will have a different duty to perform ; and it ia ne- 
cessary now to ascertain to what extent this will affect 
the mass of the girder. 

Kow, it may be shown that the maximum horizontal 
strain to which the diagonals of a bowstring bridge 
are liable is the same for each bar ; and that, assuming 
10 bays of diagonals, the strain in each instance will 
be about ^'^th of the maximum horizontal strain on 
the arched rib or tie, due to the rolling load uniformly 
distributed. The mass, therefore, of the horizontal 
components of one complete set of 10 diagonals will 

Again, the mean square of the verticals being — 

nearly, and having assumed 10 bays, the mass of the 
vertical components of the same set of diagonals will 



t of diagonals will be : 



As we have assumed two sets of diagooals, one 

crossing the other, and one set of struts, the total 

masa of the wul portion of the girder will be 

/1W= , S\ 
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iking the coefficients x and y of tte same value 
as before, we have the mass of the bowstriiig girder 
for an entirely rolling load equal to 

Now, the moment in cwts. equals the mass multi- 
plied by i span and by ,03 cwts. ; hence we have for 
1 square in6h area of tie: 



,„/llS^ 21l^\ 
V 40 "^ S /■ 



105y ' 

heDcerf= -s f- ; and, by substitution, the strain due 

31 Vy 
to the weight of the girder equals 



10 \x 



Mixed Load. 
It appears, therefore, that the strain per square inch, 
dne to its own weight, on a bowstring girder con- 
structed to carry a dead load only, will be to that 
occurring on an equally strong girder constructed for 
a rolling load of similar amount as || : JJ. Now, 
excluding the weight of the girders, the load to be 
carried by a railway bridge may be considered as 
consisting of fths rolling and Jth dead load; conse- 
quently, the equivalent fraction for the mixed load 
■will be { J X I X ] J X i X ViP ; o^"! taking the fraction 
j \ for the dead load as the unit of measurement, that 
for the rolling load will be 1.44 times the amount. 
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and vertical members respectively, the total mass of 
metal required in the construction of a straight-link 
girder for a dead load will be 

Taking a = 1 square inch, the maas multiplied by 
.03 cwta. and by I span will equal the moment in 
cwts. 

But 't = strain in cwts. per square inch ; and since 

economicrf'=_-— - we have (/ = .roV — I ^^^ t^" 
45 y ' 2.37 \ y 

strain in cwts. per square inch, resulting from the j 

weight of the girder itself, e 



»3(l.58Sx JjLV 



Moiling Load. 
As the maximum strain on the ties and boom ia i 
tained when the bridge is entirely loaded, the mass of 
those members will be the same as before, 



=a2S| 



/ 21rf^ 



and as we have assumed the platform of the bridge to 
be at the level of the bottom of the girder, no addi- 
tional metal will be required to complete the girder 
for the rolling load. Therefore, x and y being the 
coefilcientBaa before, the total mass will be: 
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Tjpe 4. — Straight-link Girders. 

"We are not aware that any example of the above 
'inode of construction exists in thia country. The 
nearest allied to it, perhaps, is Brunei's Chepstow 
bridge, and even that structure may be more properly 
referred to our second type, as in reality it is little 
more in principle than a three-bay lattice bridge, the 
most noticeable feature, and the one redeeming the 
design from the charge of extravagance, being its 
great depth, amounting to about one-fourth the span. 

In America, on the other hand, the straight-link 
girder, under the name of the BoIIman truss, appears 
to meet with general approval ; and, as there are several 
large bridges of the class erected in that country, we 
may consider the principle to have been fairly tested 
as to its practical capabilities. 

Theoretically, our present type is the heaviest form 
of girder we have yet considered, and in the discussion 
at the In.stitution of Civil Engineers following Mr. 
Zerah Colburn's paper on American iron bridges, it 
was on that evidence condemned aa uneconomical. We 
have, however, advanced suiSciently with our inves- 
tigations to be satisfied how fallacious conclusions 
must be which rest on so uncertain a basis as mere 
theoretical considerations. All our types aa yet have 
occupied precisely reverse positions in the scale of 
economy to that indicated for them respectively by 
theory ; we may not, therefore, he surprised if we find 
this — the lowest in the scale — positively heading its 
Lcompetitors, 

In principle the straight-link girder is more nearly 
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allied lo the bowstring than to any other system. In 
both instances we have one straight member of uni- 
form section throughout — the tie and the boom — op- 
posed by a member of greater length and of increased 
section towards the piers — the arched rib and the col- 
lection of ties. We fonnd the weight of the bowstring 
girder to vary considerably with the character of its 
load, and it will be seen hereafter that the same element 
influences the weight of the straight-link girder, the 
conditions, however, being reversed. From the nature 
of the trussing in the present case, a rolling load will 
be more economically dealt with than will the load 
due to the weight of the girder itself, whilst it will be 
remembered the former load operated disadvanta- 
geously on the bowstring girder. It follows from this 
that if the short-span bowstring girder has any advan- 
tage over our present type, it will maintain a still 
greater adrantage in the long-spans, whilst on the other 
hand, if the straight-link girder excels the former 
systems for the short spans, it by do means follows 
that it will be able to compete with it for the long 
spans. Indeed, theoretical deductions show it to be 
otherwise; and as in this instance they are not over- 
ruled by practical considerations, the fact of the joint 
moment of all the bars being 1} times that of the 
aittbed rib of equal strength most detract &om the 
economy of the straight- link girder, as compared with 
the former system for uniform loads. 

With reference to the comparative stilbess of this 

description of bracing, it was remarked ia the dis- 

the Institution of Civil Eugiaeers previoasly 

y, that diagonals of great iQcIiuation were 
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free to deflect on a curve struck from one of the ends 
B a centre, abd the other end as a radius; and that, 
1 the curve bo described would coincide in practice 
r a. considerable distance with a straight line, there 
would be little or no resistance to deflection. Now 
this conclusion is palpably false, as the deflection 
would be inversely as the angle included between the 
given pair of ties, and not depend upon the inclination 
of either of them to the horizon. Thus, if the two 
bars be at right angles to each other, it is immaterial 
as regards deflection whether both of the bars be at 
the angle of 45° to the horizon, or whether one be 
vertical and the other at the flattest possible angle, in 
fact horizoDtal, since with equal depthsand unit strains 
the deflections would be similar. 

As the most obtuse angle included between any two 
bars occurs at the centre of the span, the deflection 
will be greatest at that point, and will be less towards 
the ends, as in other structures ; the amount, however, 
in this instance will be about double that oecuring on 
a lattice girder of similar depth and strain per square 
inch. In this respect it resembles the bowstring 
girder, but the practical disturbing elements reducing 
this double amount in the case of the bowstring girder 
will not be obtained in the present instance. 

There is a peculiarity, however, connected with the 

deflection of this girder, which should not be passed 

'er without notice, as it may be of grave practical 

tnportance. Aa each pair of ties acta independently, 

jcting the others indirectly only through the me- 

;m of the boom, it follows that if any pair of ties 

lave their full proportion of load, they will also incur 
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as I : 1 ; whilst in the cantilever the proportion will 
be as tlie area of the complement of a parabola to the ' 
same rectangle, that is, as ^ : 1. The mass of metal 
required theoretically to form the flanges of a c 
titever will therefore he only one-half of that necessary 
in a similar independent girder, the load in both i 
instances being uniformly distributed. 

This proportion, however, does not represent the 1 
whole of the advantage accruing to the former system, I 
as the moment of the flanges will be diminished in a I 
much higher ratio than the weight. 

The centre of gravity of the semi -parabola, rep- 
resenting the mass of metal required in the flanges 
each side of the centre of an independent girdle, being 
■/a of the span from the pier, the moment of the flange 
will be proportional to |x t*s = 2*j; whilst the centre 
of gravity of the complement of the semi-parabola 
being I of the span from the pier, the moment of 
the flanges of a cantilever girder will be propor- 
tional to JXB = a'j- The ratio of 5 to 1 indicated by 
the preceding theoretical considerations is so high 
that we may be sure, after allowing an ample margin 
for all possible contingencies, a balance will still 
remain in favor of our present type, which must tell 
with considerable eS'ect in the economy of long-span 
bridges, where a large proportion of the load consists 
of the weight of the girdle itself. 

Of course, whether the extra metal required in the 
adjacent spans, according to this system, may equal 
or exceed the saving effected in the main span is 
another question, which does not concern us at present. 

The maximum deflection of the cantilever girdei 
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shall deal with tlie masses required to resist the 
horizontal and vertical strains separately, as we did 
in the instance of the bowstring girder. 

Now, taking the claster of ties collected at each 
pier it may be shown that the horizontal strain on 
each will be proportional to the ordinates of a para- 
bola, of which the highest represents the horizontal 
strain on the centre pair of ties. The mean height 
of all the ordinates of a parabola being equal to ^ of 
the height, it follows that the mean horizontal strain 
on each bar will be | of the amount on the centre bars. 
But the moment of the load on the centre pair of ties 

is equal to W-j- ; consequently the mean moment of 
all the ties will be j of that amount = W5-. It ap- 



milar depths, loads, and unit 
a of the flange portions of a 
)e I of that necessary in 
e yet considered, 
lontal componenta of the ties 
' teing a 8, the mass of the vertical components will, 
if we take J of the total load as transmitted through 



pears therefore, with i 
Btrains, the sectional ai 

k straight- link girder will 
either of the types we ha' 
The mass of the horizc 



them, be to that amount as 



21c£' 
4S 



S. The total n 



I of ties and boom will therefore be = 



(2S +1 
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' But we must also provide vertical members to sup- 
port the boom and ties at certain intervals, the mass 
of which members may be taken as equal to — ■ 
Etherefore, taking x and y coefiicients for the horizontal 
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consisting of the weight of the girder itself will be 
as follows : 

Web =12 I mean theoretical value 6=14. 

Flanges=16 f " practical " 6=11. 
Again, if the load consists of the weight of the girder 
alone we have : 

Web =16 ) mean theoretical value 6=18. 

Flanges = 2D J " practical " J=15. 
It follows, therefore-T-T being the limiting strain in 
cwts. per square inch — ^the value of 6, corresponding 
to the required straicfl t will be : 

^_ 16<-hll(T— 

Substituting this value in • the former equation, and 
taking T=80 cwts., j^=2.5+.001S, and aj=.6, we 
obtain : 

<= V'12S+.005 S2+ 12100— 110 ; 
which equation giyes the following results : 

Strain in cwt. 

Depth. 

i 



Span in feet. 


per 8q. in 


300 


17.2 


400 


23.2 


500 


29.2 


600 


33.1 


700 


41.7 


800 


48.0 


900 


54.4 


1000 


60.5 


1100 


67.0 


1200 


73.8 


1300 


80.0 
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We have already observed that for a distributed 
load, such as the weight on the platform of a railway 
bridge, J=8; and wo have also found its value for 
the girder weight required to carry this load at the 
variooa spans. We can, therefore, at oEce obtain the 
weight of iron required in the construction of the 
main girders, as it will be the multiple of the load 
by the equation : 





8(T_,)- 


Span In feet. 


MnlHpU 


800 


.89 


400 


.61 


600 


.88 


600 


1.23 


700 


1.64 


800 


2.5 


900 


S.6 


1000 


5.43 


1100 


9.25 


1200 


21.6 


1300 


CO 



Type 6. — Cantilever Lattice CHrd&r, varying economic 
depth. 
The most superficial examination of the method and 
results of our investigations concerning the cantilever 
lattice girder of uniform depth could hardly fail to 
suggest a desirable modification in its outline. Thus, 

tif we layoff 300 ft. span and plot the economic depth 
at each end, and then, adding 50 ft. to each end, plot 
^e economic depth for 400 ft. span, we shall, if we 
L 



LOHG-SPAN RAILWAY BR1IIQE9. 



'- ; and 



ng the weight on the end of 



the bracket as equivalent to double the amount 
distributed, the load from the " triangle " will be 

- ' ■ ' ■ — . ! - The sum of these amounts will be the ' 

a+b 
mean equivalent load ; and that amount, less the unit , 
useful load, will be the mean equivalent multiple; 
therefore, 

Multiple=5(^±l)±3fehi) 

Substituting the valves of m and n obtained from 
Tables 3 and 6, we find, by the preceding equation, 
that in higher spans than 550 ft. the "continuous" 
girder is ligher than the cantilever. At 550 ft. span, 
then, the economic span of the centre portion on the 
bowstring girder=0 ; and we know that at 2500 ft. 
the economic span is also the limiting span= 1000 ft. 



„ 2 500— 55 Q_ 
^000 



>1.95; and it will be sufficiently 

accurate for our purpose if we assume the economic 
span of the centre portion generally to be : 
Economic span= — c . — . 

Substituting this value of h in our former equation, 
we obtain the following results: 
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^conaistont witli our avowed intention of viewing 
r subject in the broadest possible light, were we to 
mdeavor to deduce the precise amount of curvature 
irhicli would give the most favorable general results. 
11 be a sufficiently near approximation to the 
wrrect average proportions, if we assume the depth 
t the centre of the girder to be one-fourth that at the 
inds, and the curvature of the lop flange to be the 
segment of a circle passing through those three points. 
The form of bridge to which we have been thus, as 
itwere, irresistibly driven is, we believe, almost iden- 
tical in general and outline proportions with the 
mtructure designed by Mr. Fowler to span the 600 ft. 
[centre opening, and the two 300 ft. side openings, of 
iaduct for carrying the proposed "South "Wales 
■and Great Western direct" railway across the Severn 
I^Mtuary. 

It will be unnecessary to give a detailed inveati- 
' gatiun of this modified form of the cantilever lattice 
girder. The horiaontal components of the diagonals 
will be, proportionally, the same as before; the vertical 
components, however, will be less, as a proportion of 
tlie shearing strain is transmitted through the curved 
top flange. The struts, again, will be lighter, on 
account of their diminished length, and, for the same 
reason, the flanges will be heavier. The centre of 
gravity of the mass of the entire girder being about 
the same as in the previous instance, we have merely 
^tnte new values of x and y in the equation 
l^noed for the parallel cantilever girder. 
^ t(=2 + .001S, the strain in ewts. 
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arcli, we must make certain asaumptioua, the probable 
truth of whicb may be sufficiently proved in our 
opinion, but not so in the judgment of others. A3 
we cannot absolutely demonstrate the truth of our 
hypothesis, any one else is, of course, at perfect liberty 
to make a diiFerent one, which may, very probably, 
give an entirely different result. 

If, however, we have given the relative position of 
three points through which the centre of pressure oo. 
the arch paaaea, its position is defined at every other 
point, for just the same reasons that the radius of a 
curve is defined when it has to pass through three 
points. It follows that if we arrange the details of an 
arched rib so as to insure the centre of pressure pas- , 
eing through three known points, we shall be enabled 
to determine all the conditions with the same precision, 
and therefore to proportion the strength of the several 
members to the maximum strains occurring on each 
with the same ease as we do in the most elementary J 
form of truss. 

We have already adopted a similar method in the 1 
instance of the continuous girder, by first determining J 
the most economical position for the points of c 
trary fiexure, and then, by constructional arrange- 
ments, securing the constant position of those points J 
under all conditions of loading. By this means wa 1 
not only obtain a great theoretical advantage, but, by I 
reducing the complicated and, in fact, almost indeter- f 
miuate problem of the determination of the actual! 
strains occurring on a continuous girder to the simplm^ 
case of the independent girder, we were enabled iik 
practice to effect an additional saving by propozj 
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Span ill fuut. 


Mnlti|i!p. 


1000 


2.96 


1100 


4.15 


1200 


6.1 


1300 


11.2 


1400 


22.6 


1500 


CO 
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Type 7, — Continvous Girder, varying economic depth 
(including Sedhy's patent). 

Our laat investigation shows us that with an un- 
limited supply of metal we may construct a cantilever 
bridge up to 1500 ft. span ; it follows, as a corollary, 
that it is also possible to construct a cantilever, or 
bracket, 750 ft. projection, capable of carrying any 
required load at its extremity. For, suppose we 
support thia load by a simple triangular frame, con- 
sisting of an inclined tie and a horizontal strut, then 
the weight of this frame will not produce a strain on 
either of those members, since the whole affair will 
be borne by the original cantilever aa a portion of its 
uniform load ; and consequently, it will be possible 
to construct this triangular bracket, or what amounts 
to the same thing, the original cantilever, of sufficient 
strength to carry any required load at its extremity. 
This being so, it necessarily follows that it will be 
practicable to support the two ends of either of our 
independent girders on the extremities of a pair of 
these cantilevers, as aeeurely aa if they reated on their 
original piers. 

It is evident at once that if we do thus insert an 
independent girder between the two halves of a can- 
5* 
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tilever bridge, tLe limitiiag span of the entire structure 
will be equal to the sum of the limiting spans of the 
two systems of which the bridge is composed; that is, 
if we take our last type and the bowstring bridge, 
the limiting span will be 1500 + 1000=2500 ft. Now, 
what conclusion must we draw from this fact? It 
appears we may on this system, with a definite amount 
of melal, bridge an opening which could not be 
spanued by either of the other systems we have yet 
investigated with an injim'te quantity; and the irre- 
sistible conclusion is that at the high spans a much 
smaller amount of iron will be required in the con- 
struction of a " continuous" bridge of this class than 
would be necessary in one constructed on either of 
the other systems. This theoretical deduction is fully 
corroborated by the indisputable economy obtained 
in the bridges on this principle erected under Sedley'a 
patent. The only thing we have to determine, then, 
is the span at which this superiority will begin to 
manifest itself, and that, of course, will vary with the 
degree of economy obtained in practice in the other 
systems with which it is to be compared. In our 
present investigation — as we have in all instances 
supplied a very liberal amount of metal for the con- 
struction of the several types — it will be when the 
sum of the multiples for the cantilever bracket and 
bowstring, reduced to the equivalent value wh' 
measured over the whole span, is smaller in amount 
than the multiple of the cantilever bridge for the 
span. The tables we have already calculated 
for the two systems of which this type consists will 
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enable us to ascertain when this condition is obtaiucd 
almost by inspection. 

There ia no practical difficulty in the construction 
of this compound structure calling for special notice. 
The bridge may be made in one connected length, 
and merely jointed at the points of contrary flexure 
occurring at the junctions of the bowstring with the 
cantilever, expansion being provided for at the piers 
in the usual way, or the bowstring may be elung from 
the ends of the cantilevers, and the expansion allowed 
to take effect at those points of the span. In the latter 
case, precautions raust be taken to insure the mainte- 
nance of the strength of the horizontal bracing past 
those points, so as to check all tendency to lateral 
movement. 

The deflection will, of course, be the sum of the 
deflections of the two smaller spans into which the 
bridge may be broken up. This will give a rather 
smaller proportional deflection than that appertaining 
to either system individually. Now let a=the sum 
of the lengths of the two cantilevers, and let ^^the 
span of the centre portion, or the bowstring girder; 
then a+6=span of the "continuous"' girder. Also 
let n be the multiple corresponding to span a, and m 
the multiple for span b, given in the tables of mul- 
tiples for types 6 and 3 respectively. Then the load 
per foot on the cantilever in terms of the useful load 
before, reduced to the equivalent load per foot 
a (n+l) 
a + b ■ 
In the same manner the load from the bowstring will 
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which time it will, in terms of the bending moment 

on the entire span, be equal to (J)'. Since, however, 

the eflfective depth is only equal Jd the rise of the 

arch, the mass of metal required in the horizontal 

girder, or top member of the braced spandrils, will 

be equal to (J)VJ=f aS, 

The mass required for the sum of the horizontal 

components of the strain on all the diagonals will, if 

we provide a double set of 10 bays of bars, be equal 

9aS 
to — . Again, the mean square of the verticals being 

JU\J 

— about, it follows that the mass required in the 
vertical components of the same double set of diago- 

1 7/7 2yy 

nals will be . The total mass of metal required 

in the arch for each square inch of sectional area at 
the crown will, therefore, taking coefficients x and y, 
as before, be equal to : 



1.8Sx+ 



24:d^y 



s • 

Since the mass multiplied by .03 cwts. and by J span 
equals the moment, we have : 

But -^ = strain in cwts. per square inch (i) ; and eco- 
d 

nomic d^=— ; hence c?=— - [^ and by subsli- 

24?/ I8yi y^ ^ 

tution ^.=03/1.62 Sa; 



Yl.62 Sa; J^y 



■M^ 
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Mixed Loads. 



Assuming, as before, tlie useful load on a railway 
bridge to be composed of J rolling and J dead load, 
the mean coefficient will be 1.62 x f x.71x i=1.4; or, 
taking the coefficient for the dead load=.71 as the 
unit of measurement for the mixed load, it will be about 
double that amount. Hence the strain in cwta. per 
square inch (() due to the weight of a girder for car- 
rying a railway bridge will be : 



t=mi S^, 



Putting a=.021S: 



'■^l 



-M--^)- 



3.5-F.002S, we 


have: 

tj=.026S»/2.8 + .0016S. 






And, taking th€ 


! limiting strain at 80 cwts. per square 


!inch as before, 


we have : 

80T^' 






which equation 


gives the following results : 






BtraiD in owls. 






Span in faul 


i. por aq. in. 


Depth. 




300 


23.8 


i 




400 


31 
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Strain in ontfl. 




Span in feel. 


peraq. in. 


Depth. 


1200 


73.5 




1300 


77.4 




1400 


81 


* 


le value of the 


multiple = — 


, tliatis, tbewei 



of iron in terms of the useful load, will be as foIIo' 



300 



fetit. 



400 
500 

eoo 

700 
800 
900 
1000 
1100 
1200 
1800 
1400 
Type 9.— 5«aj 
Tile combined 1; 
narj rope Btretched' 
almost unlimited dis 
of support 
which won'' ' 
space bei'i 
same size ^ 
oris, could I, 
ly date, lli ■ 
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i'When, tberefore, the occasion arose of throwing a 
f light atruclure across a wide obstruction, the similarity 
of the conditions to the case of the rope with its two 
distant points of support mast almost necessarily have 
suggested a similar mode of procedure ; and knowing 
the great superiority of the tensional strength of iron 
■ rope, it was only natural that the "suspension 
bridge," in its simplest form, should be evolved, and 
that it should be the earliest form of the "long-span 
bridge," as understood in our definition. 

The great instability, however, of this mode of con- 
Btruetion was at first inadequately appreciated. It 
was not until numerous failures had occurred that it 
a to be clearly understood that a moderate force, 
applied at regular intervals, would produce an iso- 
chronous movement of sufficient extent to effect at 
last the destruction of the structure. The first modi- 
fication suggested by these accidents was the insertion 
of check ties, or even inverted suspension chains, to 
hold down the platform and so prevent its oscillation. 
This, however, was a mere empirical remedy, and a 
more complete and scientific investigation of the con- 
ditions of a suspension bridge was required before a 
ssful result could be obtained. As the problem 
1 no important difliculties, the solution of it 
was delayed an unreasonable length of time. 

A little consideration will show that, to secure the 
stability of a suspension bridge, it is only necessary 
to prevent any considerable change of form in the 
chains, and the consequent tremor and oscillation. 
This means that the forces acting on the chains 
should maintain always the same direction and the 
e* i 
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per square inch resulting from the load of the struc- 
ture itself; M the weight of iron in terms of the 
" useful" load (L) ; and W the gross weight of iron 
per foot run of the entire bridge, 

t^.OS Sy. When y« 2.7 + .001 S, we have: 
^=.105 S -f. 00003 S^ 



t 



^S 



JJU.« 


T t 


—-^Qj 






W-ML+Ii— 40. 


« 


Span in feet. 


( 


M. 


W. 


300 


34.2 


.35 


25 


400 


46.8 


.56 


88 


500 


60 


.8 


52 


600 


74.8 


1.35 


83 


700 


88.2 


2.11 


126 


800 


103.2 


8.85 


225 


900 


118.8 


10.6 


607 


1000 


135 


00 


00 



Type 3. — Bowstring Qirder {Steel), 

1.44aT 



<= 



T+.44a 



When y = 4.2 + .002S, wehave a- .04S^3.86 + .0016S 

W=ML+L— 40. 

300 31. .31 24 

400 41.5 .46 83 

500 51.5 .65 45 

600 61.5 .89 59 

700 71 1.2 78 
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theoretical or practical reason wliy a sus- 
pension bridge should not be made of any required 
degree of rigidity; but whether this conld be done 
ecoiiomically remains to be seen. "Whatever can be 
effected on the principle of the arch may also be 
obtained in a suspension bridge. Thus, if we were 
to invert our last type, the arched rib with braced 
Bpandrils, jointed at three points, we should obtain a 
rigid suspension bridge, free to expand and contract 
under changes of temperature. Again, provided we 
supply adequate transverse strength to the two halves 
of the bridge, it is immaterial what form our bracing 
may assume. As, however, we must have a hori- 
zontal girder at the level of the platform, it is more 
convenient to truss between that member and the 
arched ribs or chains, as the case may be, than to 
insert a special member. 

It is obvious, then, that it is possible to design an 
immense variety of forms of rigid suspension bridges ; 
the most elementary type being probably a couple of 
inclined straight beams, the outer ends of which are 
attached to the top of the piers, and the near ends 
jointed together. All that class may be referred to 
our last type, and the other systems will be included 

our remaining types. At present we shall confine 
our attention to the ordinary suspension bridge with 

Sening platform girder. 

Chains and Suspending Bars. 

In order to obtain great stiffness in the suspending 
bars and other portions of the structure, and bo fit it 
for its duty of carrying a heavy rolling load with 
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little vibration, we shall provide a mass of metal for 
the construction of the suspension portion of the 
bridge, exclusive of the stiffening girder, equal to the 
amount we have found necessary in an arched bridge 
carrying an entirely dead load. The strain per aquaro 
inch will therefore be the aarae in both instaucea : 



M X 



■where x=l.25, and y=3.2 + .002S. 

_ Lattice Sliffening Girder. 
Eliminating the complicating elements the unequal 
deHections of the chain and girder introduce into the 
question by assuming a certain amount of preliminary 
adjustment to be effected during the erection of the 
bridge, we find the maximum bending moment on the 
stiffening girder takes place when the bridge is two- 
thirds loaded, at which time it will, in terms of that 
on the entire bridge, be equal to ^ (J)'=j'Sj. There- 
fore, w being the load in cwts. per foot run, and T 
the strain in ewta. per square inch, the requireii J 
sectional area of flange will he: I 

_ S'w 

But since all parts of the girder are successively ex- 
posed to nearly the same amount of strain, the theo- 
retical mass of the web of the stiffening girder will be 
about 1|- times that of a similar ordinary girder; 

therefore economic depth — ~ Hence, since weight 

run of the girder in cwta. (W) equals .03 ewta. x 4 a a:, 
we have: 
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150T 

Putting the rolling load w=25 owts. per foot, the 
gross useful load=32 cwta. per foot, and T=80 cwts. 
J)er square inch, the weiglit of the stiffening girder, 

in terms of the useful load, will be = — ^—~ ; and the 
' 15000 ' 



total load on the chains=l + - 



15000' 

We have the strain in cwts. per square inch on the 
chains due to the suspension portion of the bridge 
equal 





t=. 


126S>/s 


.56+.0016S. 


Spun in fo«t. 


Strniti 111 cw 
per Bqaare 


S. Depth nf 
u. Slifferiiis BirdBr. 


300 




13.5 


I'g 


400 




18.6 




500 




24 




600 




29.4 




700 




3.0 




800 




40.8 




900 




46.8 




1000 




53 




1100 




69.4 




1200 




66 




ISOO 




73 




1400 




80 


s't 



i 

The total weight of iron in the suspension portion 
of the bridge and in the stiffening girder will be ex- 
pressed in terms of the useful load by the equation : 

Multiple- ^L+ J _L,^ . _5^\l 
' 15000+1 T — A ^ 15000/ (■ 
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Taking y=5 4- .0035, the results are aa follows: 



Hlu ill feet. 


lum- 


Multiple 


300 


.12 


.36 


400 


.17 


.63 


600 


.22 


.76 


60O ^ 


.27 


1.02 


700 


,33 


1.4 


800 


.39 


1.9 


900 


.46 


2.6 


lOUO 


.53 


8.6 


1100 


.61 


6.4 


1200 


.68 


8.7 


1300 
UOO 


.77 


19.4 

CO 



Type 10. — Suspended Girder. 
A perfect suspension bridge would be a structure 
■nbining the rigidity of a girder with the lightness 
characteristic of the former system. In attempting to 
arrive at this desideratum, the question naturally 
I itself, what is the fundamental difference 
between the two systems, giving them these attributes 
of rigidity and lightness respectively ? Now, the 
girder is rigid because the depth of bracing, and con- 
sequently the resistance ofi'ered to change of form, is 
comparatively large; and the suspension bridge is 
light, because the compression member of the girder 
is dispensed with: for although an equivalent re.siat- 
ance must be supplied elsewhere in the land chains 
and anchorage, yet the mass of metal so employed 
1 not add to the load on the bridge, as it would 
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Spun tn feet. 


,. 




u. 


w. 




1200 


79 




2.6 


158 




1300 


85 




3.23 


195 




1400 


91 




4 


242 




1600 


98 




5.35 


315 




1600 


106 




7.84 


481 




1700 


113 




12.0 


720 




1800 


120 




22 


1326 




1900 


128 




120 


7150 




2000 


134 




" 


" 




Type 7. — (hniinwmis Girdfr, varyinj 


Economic 


Depth 




(Sltel). 








M-™ 


+ 3m6 


-1. L 


-40 + 


Vs 




+ 6 






8 






W-ML + L— 40. 






Span ID fee 




H. 




w. 




SOO 




.23 




19 




400 




.32 




24 


^^ 


600 




.47 




S3 


^^^^1 


600 




.61 




41 


^^^^B 


700 




.79 




48 


^^^^1 


800 




.97 




63 


^^^^1 


UOO 




1.15 




75 


^^^^1 


1000 




1.3 




84 


^^^H 


1100 




1.5 




96 


^ 


1200 




1.7 




109 


1 


1800 




1.91 




123 


fl 


1400 




2.12 




137 


H 


1600 




2.37 




162 


H 


laoo 




2.63 




168 


H 


1700 


_ 


2.94 


_ 


189 


J 
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Span in feet. 


M. 


W. 


1800 


3.26 


210 


1900 


3.67 


237 


2000 


4.08 


264 


2100 


4.6 


297 


2200 


5.13 


832 


2300 


5.93 


385 


2400 


6.7 


434 


2500 


7.8 


506 


2600 


9 


585 


2700 


11 


716 


2800 


13.2 


861 


2900 


17.5 


1141 


3000 


24.9 


1625 


3100 


52 


2831 


3200 


11.8 


7000 


4000 


00 


00 



Type 8. — Arched Bibs with Braced Spandrib (Steel.) 

2aT 
T+a 

Wheny«4.5 + 002S, we have a« .026S v/3.6 + 0016S 

M=_J_. L=^0+1 |S" 
T—t 18 V 

W-ML+L— 40. 

Span in feet. L M. W. 

300 27.6 .27 21 

400 36.8 .39 28 

500 44.8 .52 86 

600 53.2 .69 46 

700 58.5 .87 67 

800 68 1.1 71 
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Span in teet. (. 


M. 


w. 


900 


74.8 


1.35 


84 


lOOO 


81.5 


1.68 


102 


1100 


87 


2.02 


125 


1200 


94.5 


2.66 


163 


1300 


100 


3.33 


203 


1400 


105 


42 


255 


1600 


110 


6.6 


333 


1600 


116 


8.3 


600 


1700 


120 


12.2 


735 


1800 


124 


20.7 


1240 


I 1900 

" 2000 


128 


64 


3836 


133 


00 


» 


Tjpo 9.—S 


«?»»;«» w 


th Stijfeninff 


aVifo- (Slat). 




i-.026S,/3.36 + 0016i! 




When 


S=4.24-.002S. L-40 + iv/sr | 


M_ SJ. + 
20000 


It-^,^ 


20000/ f ■ 


When J,-54- 


.003S, W- 


.ML+L— 40 




300 


16.3 


.23 


17 


400 


20.8 


.34 


24 


600 


26.6 


.46 


31 


600 


32.4 


.6 


39 


700 


88.6 


.77 


49 


800 


44.8 


.97 


60 


900 


61.3 


1.22 


74 


1000 


68 


1.52 


91 


1100 


64.9 


1.9 


113 


1 1200 


72 


2.38 


148 


1 1300 


79 


2.98 


175 
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coefficient will be 1.4x f + .71x J=1.23; or taking 

the coefficient .71 as tbe unit of measurement, that for 

1 23 
the mixed load will be -^^, =1.73 times that amount. 

.71 
Hence the strain in cwts. per square inch due to the 

weight of the structure for carrying a railway will be : 



4 



4 



.002S, we have : 

a=. 0268^/2.8 + .0016S. 
Taking the limiting strain Ts=80 cwts. per square 
inch we have : 

138a 
80 4- .73a' 
which equation gives the following results: 

SpaDinfeet. Strains in cwts. j^ ^^ 

*^ per square inch. ^ 

300 21 1^ 

400 27.5 

600 34 

600 40 

^0 46 

800 61.5 

900 57 

1000 62 

1100 67 

1200 71.5 

1300 76 

1 1400 80 i 



LONG-SPAN RAILWAY BRIDGfES. 



soo 

400 


1) 

_6T_ 


600 
600 
700 
800 


18 

n 


900 


ii 


1000 
1100 
1200 




1400 





1.00 
1.35 



8,40 
19.00 



Type 11. — Straight Link Suspension. 
We Save found the mass of our laat type girder to 
be similar to that of the bowstring, less a large pro- 
portion of the compres.sion member ; and in the same 
lanner it can be shown that oiir present type will be 
equal to that of the straight-link girder, minus the 
whole of the compression member, together with a 
certain proportion of the mass of the verticals affected 
thereby. All our remarks, with reference to the de- 
flection and the conditions of the straight-link girder, 
will, mutatis mutandis, apply equally to the straight- 
link suspension ; consequently, it will he merely 
necessary here to effect the requisite modifications in 
our former calculations. 
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span, given in tlie final tables for each type, to the 
vertical scale of 100 cwts. to the inch. A careful 
inspection of these diagrams will enable us easily to 
trace the comparative merits of the respective systems 
as far aa the superstructure of the main span itself is 
involved, and to note the varying influence of the 
span in each instance. A glance will be sufficient to 
assure us that the several types do not maintain the 
same relative economic positions throughout, since in 
many instances the lines cross one another, showing 
that, at the span corresponding to the point of inter- 
section on the diagram, the weight of metal required 
in the construction of a bridge on either of the sys- 
tems in question will be identical. 

Briefly summarizing the results indicated in the 
diagram for iron structures, we find that at the span 
of 300 ft., Type 11 — the straight-link suspension 
bridge — obtains an advantage of some 20 per cent, over 
any other system, and that it maintains a certain ad- 
vantage of diminishing value up to 700 ft. span, when 
it has to resign the lead to Type 7 — the continuous 
girder of varying depth (Sedley'g patent) — 'Which 
type maintains a rapidly increasing advantage over 
all others up to the limiting span. These two forms 
of construction, then, within their own proper spheres, 
appear to be the moat economical possible, as far as 
regards the superstructure of the main span. Of 
course it is quite possible that in numerous instances 
anchorage could not be obtained for the suspension 
bridge, except at a cost which would render even our 
heaviest type^the box girder — a more economical 
^£oTn\ of construction. 
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Mixed Load. 
Putting .03.98 Sajffi^j «=a, we have, when a:— 

1.25, and y=3.2 + .002S, a=».037Sx/2.56 + .0016S; 
and the strain in cwts. per square inch due to the 
weight of the straight-link suspension bridge for a 
railway will be equal to : 

, .78aT 





' T 


' .22a' 




Taking tte limited strain T=80 cwt., 


we obtain the 


following results : 










Strain in cwts. 




Span in feet. 


per square inch. 


Depth. 


300 




16 


i 


400 




22 




600 




28.6 




600 




35.2 




700 




43.8 




800 




51.8 


- 


900 




61.7 




1000 




71.6 




1100 




82.5 


1 

7 


The weight of iron in terms of the useful load will be 


as follows : 








Span in feet. 






Maltiple. 


300 


Jf 


ss 


.25 


400 


u 


« 


.88 


500 


28-6 
6 14 


« 


.56 


600 


3 A. 2 
44-8 


= 


.78 


700 


4 3 8 
36-2 


= 


1.22 


800 


6 18 


s 


1.85 



28-2 



7* 
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aootber cause of excess. Probably the fairest way of 
arriving approximately at tbe true relative economy 
of tbe different ayatems in ordinary cases will be by 
aacertaining tbe groaa average weight of iron per foot 
run required in tbe construction of viaducts consieting 
of three spans, of wbiob the aide spana are one-balf 
the opening of tbe centre one. Under tbeae circum- 
stances, with the exception of the independent girders, 
the average weight per foot run will be that due 
tbe long span, whilst in those instances tbe smaller 
weight per foot of tbe side span will reduce the ave- 
rage weight per foot of the entire structure, as may ba 
seen by tbe comparison of the following tables with 
former ones : — 

S= span of centre opening; —=»spanofside openings. | 



W=average 


weight 


of iron in cwts. per 


of bridge. 








Iron Girder Viaducts. 




Box. 


Lattice. Bowstring. Str 


s. 


W. 


W. W. 


300 


4i 


32 31 


400 


66 


45 43 


500 


102 


65 67 


600 


193 


109 79 


700 


766 


273 118 i 


800 




189 


900 




494 



I 
I 
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also affect tbat amount indirectly, by tbrowiog the 
additional load on the main girders dae to tbeir 
weight. As the joint weight of the bracing and the 
platform -gird era will be governed partly by the spaa 
and partly by the type of the main girders, it will be 
necessary to estimate the amonat for each individual 
case. 

To carry a double line of railway, the weight of 
the platform-girders will be about 7 cwta. per foot run 
of the bridge ; and this amount will increase in a cer- 
tain ratio with the span, as the width of platform 
assumed in the instance of the 300 ft. span would bo 
wholly inadequate to secure lateral stability at the 
higher spans. Now, the maximum span, to which we 
shall have occasion to refer, will be about 3200 ft. ; 
and in order to obtain the required degree of lateral 
stiffness at that span, the effective depth of the hori- 
zontal bracing should not be less than lOU ft., and 
consequently, the span of the cross girder must be at 
least 100 ft., although possibly no greater length than 
25 ft., at the centre, will be occupied by the railway 
proper. Assuming, then, for the 3200 ft. span, cross- 
girders 100 ft. span and 30 ft. apart, with longitudinal 
girders of that span under each rail, the weight of iron 
in the platform would be as follows : 

Total weight of the four girders under rails = i% 
cwt. per foot run of bridge. 

Weight of croM girder=5i cwt. per foot run. 

o^xlOO^^g, g„tB.per foot ran of bridge. 

le total weight of the platform -girders, will, there- 
I be~4} -hlSl =23 cwt. per foot run of the bridge. 
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before the fitneas of a design for a long-span railway 
bridge could be satisfactorily determined, none are 
more important than those affecting the facility of 
erection. In the majority of instances scaffolding 
would impose a moat extravagant charge on the 
finished structure for mere temporary works, even if 
the adoption of it were not practically prohibited by 
the necessity of maintaining the navigable channel — 
acroas which, probably, the bridge has to be thrown — 
free from all obstructions. 

Under such circumstaiftea there are obviously but 
two alternatives: the bridge must either be built at 
the nearest available spot, and lifted or slid bodily 
into place ; or the design must be such that the struc- 
ture may be built in situ, without adventitious support. 

The latter alternative is incapable of application 
■ to either of our first four types,— the independent 
girders. The method adopted in the instance of the 
Britannia bridge, where the tubes were built on shore, 
floated, and lifted into place, is an example of the 
former alternative applied to a box girder; and 
Schwedler's six-span bridge, each span of which was 
conveyed in a set of six- wheel wagons to the required 
spot, and lifted bodily into the place by four hy- 
draulic presses, illustrates the adaptation of the same 
system to a bowstring bridge. 

The more convenient process of constructing the 
bridge in the position it is permanently to bold may, 
in one form or another, be employed for any of our 
type forms, not being one of the first four. It was 
proposed to build Mr. Fowler's Severn bridge in suo- 
aessive bays projecting &om each side of the two main 
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1, carrying on the process till the two opposing 

Boentre Lalves met, and formed a continuous structure. 

i The large cantilevers of Sedley's bridges are all built 

1 a similar manner, and the small centre girder is 

( lifted or slid into place. 

In an arched bridge, to be erected without scaf- 
folding, temporary ties in some form are indispensable. 
If it ia to be lifted into place, the feet of the ribs must 
be tied together ; and if it is to be built in position, 
the arched rib must be tied back to the abutments, as 
proposed in the first design for the Britannia bridge. 
Types 9, 10, and 11 might all be dealt with in a 
manner analogous to that by which the Ohio suspen- 
sion bridge was successfully erected. Wire ropes 
were paid out over the stern of a vessel, and laid on 
the bed of the river, as if they were electric cables. 
I At convenient times they were smartly hoisted up to 
thesummitsof the towers, and a slight platform placed 
L them to iacilitate the construction of the main 
\ cables. 

If due consideration be given to these and other 
special conditions affecting each individual case, we 
think, with the assistance of the tables already given, 
there will be little difficulty in ascertaining with a 
considerable amount of accuracy the most suitable 
form of construction possible for any " lonff-span 
railway bridge.'" 
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Type 4. — Straight Link and Boom. 



Span in feet. . H. 


L— 40. 


w. 


300 


.4 


11.5 


32 


400 


.72 


13.5 


52 


500 


1.28 


15 


102 


600 


2.61 


16.3 


164 


700 


9.97 


17.6 


593 




Type 5. — Cantilever Lattice. 




300 


.39 


10.1 


29 


400 


.61 


11.7 


43 


500 


.88 


13.1 


59 


600 


1.23 


14.2 


80 


700 


1.7 


15.4 


109 


800 


2.5 


16.4 


157 


900 


3.6 


17.4 


225 


1000 


■6.43 


18.4 


334 


1100 


9.25 


19.3 


578 


1200 


21. 


20.3 


1469 


Tjpe 


6. — Cantilever Lattice, varying 


depth 


300 


.3 


10.1 


25 


400 


.46 


11.7 


35 


600 


.65 


13.1 


47 


600 


.88 


14.2 


62 


700 


1.2 


15.4 


82 


800 


1.61 


16.4 


107 


900 


2.17 


17.4 


142 


1000 


2.96 


18.4 


191 


1100 


4.15 


19.3 


265 


1200 


6.1 


20.3 


888 


1300 


11.2 


21.1 




1400 


22 


21.f 
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Type 7.- 


-Contimtous Girder, varying depti 


Span in feet. 


M. 


L— 40. 


W. 


300 


.3 


10.1 


25 


400 


A6 


11.7 


35 


500 


.65 


13.1 


47 


600 


.85 


14.2 


60 


700 


1.1 


15.4 


76 


800 


1.33 


16.4 


91 


900 


1.61 


17.4 


110 


1000 


1.84 


•18.4 


128 


1100 


2.1 


19.3- 


144 


1200 


2.48 


20.3 


169 


1300 


2.87 


21.1 


199 


1400 


3.37 


21.8 


230 


1500 


3.91 


22.6 


267 


1600 • 


4.58 


23.8 


312 


1700 


5.35 


24.1 


366 


1800 


6.47 


24.6 


449 


1900 


7.98 


25.3 


546 


2000 


10.42 


26.1 


715 


2100 


14 32 


26.6 


981 


2200 


20 


27.3 


1375 


2300 


29 


28 


2000 


Type 8.- 


-Arched Ribs with Braced i. 


^jandr 


300 


.42 


10.1 


36 


400 


.63 


11.7 


44 


500 


.9 


13.1 


60 


600 


1.22 


14.2 


80 


700 


1.55 


15.4 


100 


800 . 


2.2 


16.4 


135 


. 900 


3 


17.4 


189 
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Span in feeU 


H. 


L— 40. 


w. 


1000 


4.3 


18.4 


268 


1100 


6.5 


19.3 


408 


1200 


11.3 


.20.3 


701 


1800 


30 


21.1 


1850 


Type 9.- 


-Suspension 


and Stiffening 


Girde 


800 


.36 


8,6 


26 


400 


.53 


10 


86 


500 


.76 


11.2 


50 


600 


1.02 


12.2 


65 


700 


1.4 


13.2 


87 


800 


1.9 


14.1 


116 


900 


2.6 


15 


158 


1000 


8.5 


35.8 


211 


1100 


5,4 


16.6 


822 


1200 


8.7 


17.3 


515 


1300 


19.4 


18 


1143 


Type 10. — Suspended Girders 


1 


800 


.36 


8.6 


26 


400 


.52 


10 


36 


500 


.74 


11.2 


49 


600 


1 


12.2 


64 


700 


1.35 


13.2 


85 


800 


1.82 


14.1 


113 


900 


2.48 


15 


152 


1000 


3.38 


15.8 


204 


1100 


5.16 


16.6 


808 


1200 


8.4 


17.3 ^ 


500 


1300 


19 


18 • 


llf- 
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be the mean weight per foot of the large and small 
spans ; whereas, should some other system, such as 
the cantilever, be adopted, the average weight per 
foot would be that due to the long span throughout. 
We shall defer for the present, however, this branch 
of our inquiry, and proceed at once with the adap- 
tation of our formulai to steel structures. 

As we do not purpose making a digression oa the 
subject of the comparative strength and other advan- 
tages of steel, our paper having already exceeded the 
proposed limits, we shall have little more to present 
than the tabular results given by the slightly modified 
formulfe for similar iron structures. 

The general conditions of the several types will be 
little influenced by the substitution of the new ma- 
terial. The deflections will be proportionally the 
same, although, of course, the specific amounts will 
be greater on account of the higher value of the 
limiting strain. The comparative weights of metal 
required in the construction of steel and iron long- 
span bridges will vary in a much higher ratio than 
the mere ultimate resistances of the two materials. 
Thus, if the strain due to the weight of the girder 
itself be 50 cwt. per square inch, there will, with a 
limiting strain of 80 cwt. per square inch, remain 
80 — 50=30 cwt. per square inch available for the 
" useful" load ; whereas, had the limiting strain been 
130 cwt., the residue would have been 130 — 50=80 
cwt. per square inch ; consequently in such an instance, 
although the ultimate resistance of the two materials 
are only aa 13 : 8, the practical available strengths ' 
would be aa 8 : 3, or about 1§ times 



LONG-SPAN RAILWAY BEIRQE3, 83 

I which might at first sight have been expected. We 

I ehall consider a strain of 130 cwt. per square inch on 

I Bteel to represent the same factor of safety as a strain 

of 80 cwt. per square inch on iron. This will be well 

within the limits, and we take it purposely, so to avoid 

all exaggeration of the probable advantages accruing 

»to steel as the material for long-span bridges. We 
shall not make any special modification in our for- 
mula on account of the slightly increased specific 
weight of steel, but include all necessary changes in 
the altered values given to the coefficient y. Ic will 
be unnecessary to give the process in the same detail 
E as before ; we shall merely give the final formulie 
and the combined tables for each type. 

Type 1.— Boa; Girders with Plate Wehs (Steel). 
As the samecanses which make thisadiaadvantage- 
ous form for a long-span iron bridge operate with still 
greater effect when steel is the material employed, we 
do not consider it necessary to investigate the con- 
ditions of this type in the present iBstance. 

Type 2.— Lattice Girders {Steetj. 
The weights of the platform girders and bracing in 
steel we shall take to be f of their former amounts, 
but we shall in all instances add five per cent, for con- 
tingencies to the value of W as given by the formulEe. 
The notation will remain as before; that is, S=span in 
feet; T = limiting strain=130 cwt. per square inch; 

Itt and y coefficients depending upon the practical con- 
Itruction of the girders ; ( thestrain in hundred-weights 
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Bnest product!. In one vol. rojol Bvo, »1U 00 

D?- This is a treatias of the highest scicnliflo merit and of ths 

greatest practi{:a1 valne, aarpassin;; in Iheae respects, ns well as 

in the variety of its contents, any limilar volume in the English 

language. 

rVE ORAEP.— THE OEOMETEICAL STAIB-BTJILDEES' GUIDE: 

■'^ Being a Plain Practical Syatfim of Hand-Railing, embracing all 

its necessary Details, and Uecmetriaally Illustrated by 32 Steel 

Engravings ; together with the asa of the most approved princl- 

plos of Praotipal Oeomotry. By Simon 1)s Qa^r, Arohiteot. 

t <to tS 00 

I T|TES AJID COLOB-UAEEB'S CgHPABIOII : 
t"*^ (^ojitjiniDE upwarda of two hundred Receipts for making Co- 
re, on the moat approved principles, for all tho variouB atjlea 
id faliricB now in eiistonco ; with the Scouring Procoaa, and 
mh Direotiona for Preparing, Washing-off, nod Finishing tho 
onBTOl. 12tno $1 25 




Tbeir LocuCion, Coastractian, nod Ma.riagement ; Tiitb Qeneral 
Pinna nud Rulea for their Organiiatioa and Operation ; toge- 
ther with EiBminatioas UB to tijeir Comparative Adyantages 
over tlie OmnibuB Bjatem, and Inqniriea aa to thair Value far 
iQTeBlment ; inelnding Copies of Munioipftl Ordinnnoes relat- 
ing thereto. By ALmanDBaEABroN, C. E. Illustrated by 23 
plates, 8to., oloth $2 00 

pJBSYTH.— BOOK 07 DS8IGNS FOB HEAO-STOIfXa, HTTRAL, 

'■ AND OTHES MONUMENTS: 

CiinUinlog 78 Eliiborate ami Bjqnisito Dosigna. By PonarTu. 

ilo., doth $5 00 

*^* Ttle voiome, for iLo benutj and variety of ita deaigna, baa 
never been >nrpas86d bj any pnblieatiDn of the llind, and should 
be in the hands of every marble -worlier »lio does fine monumental 
work. 




Comprising the Pi'iucipli^e of Mcclianism, Whccla, and Pulleys, 
Strength and Proportiona of Shafts, Couplinga of Shafts, and 
Engaging and Disengaging Gear. By Wiiliam Faibbaibn, 
Esq., C. E., LL. D., F. R. S., P. G. S., Corresponding Member 
□f the National Institute of Franco, and of the Royal Academy 
of Turin ; Chevalier of the Legion of Honor, etc. etc. Boau- 
tifally illustrated by over ISO wood-cuts. In one volume 12mo. 
$2 50 
pAIBBAIBIT.— FBIHE-MOVEBS : 

ComprisiQE the Aocumulalion of Water-power ; the Conatruo- 
ti on of Water-wheels RGd Turbinea; the Propertiea of Steam; 
the Varietioa of Steam-engines and Boilera luod Vliiid-[idll&. . 
By William Faibbaibn, C. E., LL. D.,P. R. S., t-a. 8, Au- 
thor of "Prinoipleaof Mechanism and theMop'' ' "~~nof Trsns- J 
mission." With HumerouB Illustrntiona. f 
preas.) 
IIIBABT.— A FBACnCAL TBEATISE OB > 
By Jasies William Gjlbabt. To ktI" ' " 
TioHiL Babk Act as now ik fobcb 
lEBKER.— A PEACTICAL TEEATIfl 
AND OTHEB UIBIIILED OILS 
SrABHiHAM Geseeb,M. D., F, C 
and enlarged. By Gro 
lemi'st and Engineer. lUoBti 




HEXHT CAREY BAIRD'S CATALOGUE, 1,1 

nOTRIC ALBUU FOE CABIXET MAEEBS; 

" Comprising ft Collcclion of Designs for Gothic Furaiture. II- 
InatriLted b; ttr cut j -three large and beiulifull; eograTeil 
platL-a. Ohlong $3 00 

nRUIT.— BEET-BOOT SOCAB AND CULTIVATIOIT 07 TEX 



G' 



BEaOBY.— UATEEHATICB FOB PBACTIC&L UEK : 

iaplcii to tho I'lirbuits of Snrvejurs. Architeota, Mechanios, 
diiil Civil Euglueera. By Olinthus GnEUOBT. 8to., pliites, 
cloth $8 00 

naiSWOLII — BAILBOAD ESQISEEB'B FOCEET COKPAHIOIT. 

" CoitipriBing Eules for Calculating Deflection Distances and 
Angles, TnngPDtial Distances and Angles, and all Necessary 
Tables for Engineers; aiao the art of Levelling T^oin Prclimi- 
uary Surre; to the Construction of Rnilroads, iDteoded Ex- 

^preasly for the Young Engineer, togetheririth Numerous Valu- 
nlile Rules and Examples, B; VI. Gbiswold, 12d]o., lacks. 
*175 
HETTIEB.— METALLIC ALLOTS : 
Being a Braotical Guide to their Cbemica! and Phyfiical Pro- 
perties, their Preparation, Composition, and Vaea, Translated 
fmm the Frencb of A, Guettier, Engineer and Director of 
Foundcries, author of " La Fouderie en Franeo," etc, etc. B; 
A. A, Fesquet, Cheuiist and Engineer. Id one volume, 12m^I. 
$S0O 

r Manufacture. By a Practical 
Illustrated b; Dranings of Machinery, &c., 6to. 
;;(AT.— TO IBTEBIOB SECOBATDB: 

[awb of Uarmonioua Coloriug adapted to Interior Deeora- 

1 mtb a Fraatical Trentise on Ilouse-Painting. By D. 

e-Painter and Decorator, Illaatrated bj a Dio- 

[e Primnrj, ScconJary, and Tertiary Colors. 12dio. 

$2 25 

IICAS XILLEB AlTD HILLWEIOHTS AB- 





TTirHT.— THE PaACTICE OF PHOTOGEAPHT, 

By RoBBBT Hunt, Vioo-Prcsident of the PhotograpLic Society, 
Loudoa. With numerous iliuatrationa. 12aia., olotb . 



jJUitST.— A HAITD-BOOK 70B ABCHITECTUBAL SUBVEYOBS : 

Comprising Formulae useful in Designing Builders' work, Table 
of Weights, of tho materials used in Building, Memoranda 
connected vith Baildera' Kork, Housur&tioD, the Practice of 
Builders' Measurement, Contraots of Lnbor, Valuation of Pro- 
perty, Summary of the Practice in Dilapidation, eto. elo. By 
J. F. HimsT, C. E, 2d edition, pocket-book form, fall bonnd 
$2 50 



JP' 



;VI8.— EAIIWAT PEOPEETY: 

on the Construction and ManagemeDt of Railways ; 
designed to afford nsefnl knowledge, in the popular aljle, to the 
holders of this class of property; as well as Railway Mana- 
gers, Officers, uod AgeoCa. By JoirH B. Jebtib, late Chief 
Engineer of the Hudson River Railroad, Croton Aqueduct, &o. 
One ToL 12mo., cloth .... . J2 00 



other purposes. By 

illuatratioos, e07 pp. 

. $10 00 



TOHHBTOH.— IHSTBircnOKB FOB THE ANALYSIS OF SOILS, 
" LIITEBTOITES, AND MAinraE& 

By J. W. F. Johnston. ]2mo. .... 



TrEEBE.— A HAND-BOOZ OF PEACTICAl QAlTfllFG, 

For the Use of Beginners, to wbich is added a Chapter 
tUlation, describing the process in operation at Ibe CnstoDl J 
House for asccrtaiuing the strengtli of wines. By JaHM ] 
Ekmv, of H. M. Customa. 8vo. 



"^niTISH.— A TBEATISE OS A BOX OF INSTBUMEKTB, 

And the Slide Hule ; with the Theorj of Trigonomelry nnd Lo- 
garithms, including Practiodl Geometry, Sarvejing, Measur- 
ing of Timber, Caakand Malt Ganging, Heights, and Distances. 
B; TB0UA9 Eektish. In one volume. t2mo. . . $1 25 



irOSELL.— EBNI,— HnrEBALOGY SIUFIIFIED: 

A Bliort method of Dttermining and Classifying Minerals, by 
means of simple Cbemicat Eiporimenta in the Wet Way. 
Trauslated from the last Qermaa Edition of F. Von Kobell, 
Ttilh an Introduction to Blowpipe Analysis and olhcr addU 
tioua. By Hesri Ekni, M. D., Chief Chomial, Department of 
Agriculture, author of "Coal Oil and Petroleum." In ono 
Tolume. 12ma. ... , . $2 60 



TAITDBIN.— A TBEATIBE OK SrEEL: 

CompriBiug its Theory, Metallurgy, Properties, Praotioal Work- 
ing, and Use, By M. H. C. Lahdbis, Jr., CitQ Engineer. 
TraQslated from the French, with Notes, by A. A. FEsaiJEr, 
Chemist and Engineer. With an Appendii on the Bessemer 
and the Martin Processes for Manufacturing Steel, from the 
Beport of Aebah S. Hewitt, Dtiited States Coi 
the nniversal EipDeltiou, Paris, 1867. 12bso. . 



r ABEIN.— TEE FSACTIOAL BRASS AITS mon FOmHEB'S 
■'-' QTTIDE. 

A Concise Trcatiso on ISraaa Founding, Moulding, the Metals 
and their Alloys, elo. ; to wLich are added Recent Improre- 
menta in the Manufacture of Iron, Steel by the Bessemer Pro- 
ss, etc, eto. By Jaheb Laeeim, late Conductor of tbe Brass 
inndry Department in Reany. Neafie &. Ca.'a Pean WotIib. 
Fifth edition, reviBed, with citen^iTe Addi- 
le Tcluue. 12ma i'l 2o 



HENRY OARBY BAIKD'8 CATALOGUE, 

T EAVrrr.— FACTS ABODT PEAT AS AH ARTICLE OF FUEL: 
■^ IVilh KemarliB npon its Oi-igin and CompoaitioQ, the Localitiei 
m which it is found, the Methods of Prepamlion uud Mana 
faotnre, and the Tnrious UaoH to which it ia applicable ; togo 
ther with mtm; other matters of Fractical and Sciecdfic Inte- 
rest. To which is added a chapter on the Utiliiation of Coal 
Duat with Peat for tlie Production of an Eicellcnt Foe! at 
Moderate Cost, especiallj adapted for Steam Service. Bj !(, 
T. LEiviTT. Third edition. 12ino. . :J>1 75 

TKEOUX— A PBACTICAI TREATISE Off THE UtAHnFAC- 
•'-' TORE OF W0BBTED3 AHD CABBED YAENS : 

TransIafBd from the French of CuiKLES LKRonx, Mechftniool 
Enginoor, and SuperiDtfndent of a Spinning Mill. By Dr H. 
Paikei, ami A A.Fbsqi'et. Illnetrated bj 12 large ptat«s. 



ib 



TKBLIE (HISS).— COUFIETZ COOKERY 
"■-"-'■-oa for Cookery in its Variou 

60th edition, 
lion of Ni 



By Miaa 
Thoroughlj reTised, with the addi- 
Keceipts. In 1 vol. 12ino., cloth . . ¥1 60 
T E8I.IE (KISS). LADIES' HOUSE BOOK : 

a Manual of Domestic Economy. SOthrerised edition. 12mo., 

cloth SI 25 

TESLIE (MISE).— TWO HirNDSED BECEIPTS TS FEESCH 

60 

TIEBER,— ASSATEE'S OHIDE: 

■^ Or, Practical Directions to Aasayers, Miners, and Smellers, for 

tbe Testa and Assnja, by Heat and by Wet ProcesBea, for the 

Orea of all the principal Metals, of Gold and Silver Coins and 

Alloys, and of Coal, etc. By OaoiB M. Libbrb. I2tuo., clulh 

$1 25 

T 07E.— THE ART OF DTEIK&, CLEARISG, SCOUHIHO, AlTD 

■'-' FIBISHING: 

On the most approved English and French methoita; being 
Practical Inatmotions in Dyeing Silks, WooUeng, iu 
Feathers, Chips, Straw, etc ; Scouring w 
Window Curtains, Carpets, Bugs, eti^ 
CJ^aiflg, =tc. By THo«i 





r 



HESRY CAREY BAIKIi'S CATALOOCE. 



And EmminBLiun Papers; with Hints for their Solution. By 
Tuoma J. Maix, Professor of Mothemalica, ILot.iI Navnl Onlloge, 
nntl Thomas Bnows, Chief Engineer, R.N. I2mo., cloth (l 50 
jUTAin ABS BR0W5.— IE£ INIICATOB AHS DTHAMOHETEB : 
•^ With thfir Prnotionl Applioationa to tha St«iitn-Engioa, B.v 
Tho«»b J. Mais, M. A. P. R., Asa't Prof. Royal Naval College, 
Portsmouth, and Thomas Brown, Assoc. Init. C. E., OMet En- 
gineer, R. N., attnehed to the R. N. College. IHu3trftled. From 



JTAIN AND BBOWN —THE MABIBE STEAH-EKOIKE. 
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ftJTARTIS.— SCBEW-CUTTINQ TABLES, JOB THE USE Of HI 
*"■ CHANICAL ENGIHEEBS : 

Showing the Proper ArrnngBment of Wheels for Cntting th 
Threads of Serena of any required Pitch ; nilh a Table fo 
Making the Uulversal Qas-Pipe Thread aud Taps. By W. A 

Mauifs. Engineer. »yi 5 

kriLES— A PLAIN TREATISE ON HORSE- SHOEING. 



By WiL 



luthorof ■Thellori 



) L. M0LES\TUKTI!, Member of the Inatltutiou of 
rs. Chief Resident Engineer of tlie Cejlon Railway, 
icon from tbe Tentfa London EJItion. In onf 
Tolnme, full bound in pocket-book form . . . . $2 DO 
pOOBE. — TEE nrVEKTOB'B G-ITIDE: 

tpMtntOEBoeand Patent Laws: or, a Guide to Inventor., Kod a 
of Refereime fur Judges, Lanyurs, Mugiatro.te8, and utherg. 

F 0. MoonE. 12BO.,eloth SI 2fi 

y XAiniAL OF ELECTBO-HETALLDBG? I 

le Ap^lenUon of the Art to Manufacluring Prooetiies. 

nrlh American, from tha FuurlU London 

led. Illaitrated by engravinga. In 

$2 no 



Editian, cnmplaielr bronght up lo the preseDt Btate of the 
ScienoB, iuolading the Chemistry qC Coal Tat Colors. By A. A. 
Fesqfst, -ChemUC and EagiDaer. With &a Appaodix on Dyeing 
and Calico Printing, ua abowa at the Paris IlniFersnl Eipoiilion 
of 1967, from the Rcporls of the Inter oat ionfll Jury, eto. Illm- 
trated. In one volume Sto., 400 pages , , . . (5 00 

-VTIIWBEBT. — GLEAHIHQS fBOM OBNAHEBTAL AST OF 

■^' EVEEY STYLE; 

Drown from Eiamples in the Briliah, Soutt Kensington, Indian, 
Crystal Palace, and other Moseums, tha Exhibitions of 1851 nod 
18S2, ond (he best English and Foreign works. la a series of one 
bundred exquisitely drawn Plates, containing many hundred ez- 
amploB. By RoBEHi Newbbbt. 4to J 15 00 

"mCHOLBOH.— A UAiniAL OF THE AST OF BOOE-BINDIirQ: 



' Containing full instrnctiuns in the di 
ing, Gilding, and Finlabing. Al^o, 
edgcB and Paper. By Jamks B. Nic 



ranches of Forward- 

. of Marbling Boolt- 

lUustrated. 12mo. 

. |2 2S 

liTOBSIS.— A HAm-BOOK FOB LOCOMOTIVE EKBIBEEBS AKD 
■*■' MACHiniSTS: 

Compriaing the Proportions and Calculations for ConBtraoting 
Looomotivear Manner of Setting Talves ; Tables of Squares, 
Cnbes, Arena, eto. etc. By Septiuds Kobhis, Civil and Me- 
chnuical Engineer. New edition. Illustrated, 13mo., alotb 

f 3 OD 

■fTYSTEOM. — ON TECnSOLOGICAL EBDCATIOIT AND THE 

■'■' COUBTEDCTIOK OF SHIPS AMD SCBEW PEOPELLERSi 

Piif Nbvi.1 nud Marine Engineers. By Jobs Vf. Ni-strum, lat« 

Acting Chief Engineer O. S. N. Second edition, revised with 

additional matter. lUsstrated by seren engravings. 12ma. 

(2 !>a 
rj'HEILL.— A DICnOITAEY OF DYEIITG ASD CALICO PHINT- 



IHG: 



.ing a brief ao 



and Pro. 



; of Dyeing and Prin ting Tei tile Fabrics: with Prac- 
celptB nnd ScicntlBo Information. By Chaeles O'Neii,!,, 
ml Cbemisl. ; Fellow of the Chemical Society of London ; 
■ of the Llleriry "od Philosophloal Society of Mancheater ; 
'" Chemistry of Onlico Printing und Dyeing." Towbiob 



HENHY CARET BAIHD'S CATALOGUE. 19 

DjBlng BDd Callog Printing. By A. A. ritaoniT, Chemist nnd 
Engineer. With an Appendii on Dyeing and Calico Printing, ai 
shown attbeEipoeitJonof iser, fiom the BeporU of the Intarna. 
tional Jary, eta. In one Tolume 8vo., HI pages . . $fl 00 
I nSBOBII.--THE lUnALLITBOT OT IBOV AND BTEEL: 

" Theuretioal and Prnotical ; In nil ita Bronohes i WithSpeoJal Re- 
ference to American MnLeriBls and Prooesaea. Hy II. S. OsnoRX, 
LL. D,, Profeasor of Mining and Metallurgy in LufDyetlo College, 
Easten, Pa. Illnatrated by 230 Engravings on Wuod, and 6 
folding Ftatea. 8fo., 972 pages 110 00 

nSBOBS.— AUEBICAir MINES AND HININB : 

" Theoretioilly and Praclioally Considered. By Prof U. S. Os- 
EOBS, lUnstrated by naineronaergravinga. 8to. (In preparalinH ■) 

pAINTEB, 8ILDEE, AND TABNIBHEB'B COUFAHION: 

* Contiining Rules and Regulations in everything relating to tlie 
Arts of Painting, Gilding, Varnishing, and Qlnas Seining, with 
unnieron! nseful and valuable Keaeipta; Testa for the Detection 
of Adulterations in Oils find Colors, and a statement of the Db- 
cosea and Acoideuta io wbicb Fojulers, Gilders, and Vamishers 
Bro particularly liable, «ilh the simplest methods of Prorention 
and Remedy. With Biieations for Oraining, Marbling, Sign Writ- -< 
Ing, »nd Gilding on Ghiss. To which are added Cohplkte Instrcc- 
TiosB FDR Coach PAUitiNQ a!9d YAKKiiiHi>ia. 12mD., elotb, (1 SO 

pAILETT.— THE KILLEB'S, MILLWEIGHT'S, AND ESOI- 

■•- NEEE'B GUIDE. 

By Uenry PiLLKTi, lUoatrated. In one vol. 12[no. . $3 OO 

pEEKINS.— GAS AND VENTILATION. 

■^ Prnotioal Treatise on Gaa and VaQtilalion. With Special Relation 
to Illumiualing, Heating, and Cooking by G«e. Including 8clbn- 
tiGo Helps tu Engineer-stud en Is and others. With illustrated 
Diagrama. By E. E. Pehkiks. 12mo„ cloth . . . $1 Z5 

pEHKINB AND STOWE.— A NEW ODIDE TO THE SHEET-IHOS 

''- AND BOILER PLATE BOLLEB: 

Containing a Series of Tables showing the Weight of Slab- 
Pilea to Produce Boiler Plates, and of tlie Weight of Piles i 
Sites of Bars (o Produoe Sheet-iron ; the ThickuBBI dI 
Gauge in Decimals; the Weight per toot, and the Tht 
tbs Bar or Wire Gouge of the fractional parts of an 
Weight par sheet, and the Thickness on llie Wire Gai 
iron of varinua dimensions to weigh I IS lbs, per bnat 
ooDTersloB of Short Weight into Long Weight, and I 
Into Short. Estimated and colleoled by O. H. PbbkH 
Stows 



HESay CAREY BAIRD'S CATALOUUE. 



Or, Fact; 
gmelt^r. 
tLc I EEL lie I 



i Memoranda for Ihc usn of tha Mine A^ent and 

ichiml nf Mioes, FriinoB, etc. , and Jnas Daei.isgiok. 
IllQitrateJ by Dumeruus engravtuga. la one ral. 12iiio. . $3 (10 
pRADAl, HALEPETEE, ASD QUSSAUCE. — A COUFLEIE 



tEEATISE on PEEFITMERY; 

ContBlninf notices of tfae Enn Material used in tbe Ait, and the 
Beat Formulai. Aaaordmg tu the most approied Methods fallowed 
in France, England, and the United States. Bj- M. P. pBADiL, 
PBrfumer-ChflUiiet, nnd M. F. Mat.epevbr. Translated from the 
Frenoh, with extensive additions, bj Prof. n.DiiasMJi-E. Rfo. flO 
pBOTEAUX.— PSACTICAL OUIDE EOB THE MAHUFACTUEE 



0? FAPEE aus boards. 

By A. Phoieaci, Ciril Engine 



id Sraduato of the School ot 
ManufaQturea, Director of Thiers's Paper Mill, 'Puy-de- 
Dfim^. With additions, by L. 8. Lr NoRKAsr. Translnted from 
the French, with Notes, by Hohatio Paine, A. B., M. D. To 
which la added a Ch.ipter on tbe Mannfaetura of Paper from Wood 
in the United States, by Hekev T. Bnow.t, of the "American 
Artisan." Illustrated by sii plates, containing Drawings of Raw 
Materials, Uncbinery, Plans of Paper-Mills, etc. eto. 8vo. $i 00 

-DE&1TA1ILT.— ELEHENTB OF CHEHISTET. 

^ By M. V. Reo:?ai7lt. Translated from the French by T. FoR- 
BEST Beston, M. I.., and edited, with notes, by JAHE9 C. Booth, 
Melter and EeDner XI. S. Mint, and Wu. L. Faber, MeUllorgiat 
and Mining Engineer. Illustrated by nearly 7"0 woodengr.iyings. 
Comprising neatly 1500 pages. In two Tula. Sto., cloth $10 00 

•DEID.— A PEACTICAL TEEATIBE OS THE MAHUFACXCKE OF 



plates and wood engravings. Svo $7 M 

■pIFFATJLT, TEHGNATTD, AUTD TOUSSAINr.— A PEACTICAL 
■" TBEATISE OH THE MAKITFACTirBE OF CDL3ES FOE 
PAINTIKO : 

Containing the best Formula and the Processes the Newest and 
ia most General Use. By MM. RiFPiirLT, VEHORAUn, andTona- 
SATXT. Roviacd nnd Edited by M. P. MALEPErnE and Dr. Ehii, 
CKLER. Illustrated by Engravings. In une vol. Bvo. flii 



■ HESRY CAREY DAIRD'S CATALOGUE. 21 

■RlFFADLr, VEEBMADD, AHD TOUSSAINT,— A PEACTICAL 
TREATISE ON THE StANTJFACTUEi: OF VABNISHES : 
By MM. RzKKADLT, VEnasAUD, anJ Toussiisr. Rcvistd and 
Eiiked by M. P. MALEpernE and Dr. Emit. Wisckler. Illua- 
tratad. In one ml. 8fo. ila pr^^miinn.) 

OHDHK.— A P&ACnOAL TBEATISE OS KAILWAY CTIB7E8 
" AHD EOCATIOIT, FOE TOUHO EHGIITEEHS. 

By Wm. r. Shusk, Civil Enginaer. 12mn., lucks . . ?2 00 



ISmo $1 M 

OTBITH.— THE QTEB'B IHBTBITCTOB : 

" Comprieing Praelical Instructiona in ths Art of Dyeinf; SiLls, Cot- 
ton. Wool, and Worsted, nnd Woollen Oooda : contiining nearly 
BOO Receipts. To which is added a Trealipe on the Art of Pud- 
ding ; nnd the Priating of Silk Warps, Skeins, tinil Hnndkercliiers, 
nnd the toHdus Mordnnls and Colors for the different styles of 
inch work. By DiTin Bkitd, Pattern Dyer, 12mo., oloth 

(3 00 

QMITH.— THE PEACTICAL STEB'B GTJIDE: 
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vol. 8vo. $25 00 


3HAW.— crVlL AECHITECTtrHE; 








' Being 


n Complete Theoretical nnd Prai 


!tiea! 
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tern or Boildiag, 
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:iIZ.— BE8EAECHES ON THZ ACHOH 07 THE BUBT- 



34 HENRY CARRY" BAIIiD'S CATALOGUE. 

TirATSOII.— THE HOSEBK PRACTICE 07 AMS&ICAIT MA- 

" cHunsTa Airo engiheees: 

Including the Conrtrnotion, Application, ftntt Uae of Drills, Latlio 
ToQla, Cutters for Boring Cjliadera, and Uollutr Work Qeneralty, 
villi the most Eoonomionl Speed of the same, the Resalta verified 
b7 ActDol PrnctioB at the Luthe, the Viae, and on the Floor. 
Tngether with WorliBhop mnnQgement, Economy of Mnnufsotore, 
the 6 team -Engine, Boilers, Q^srs, Relting, ela. aUi. By Egbkrt 
P. Watson, lata of the "Scientific American." Illaatratod bj 
eighty-sii engravinga. 12mo ;BZ 60 

WATSON.— THE THEORY AND PRACTICE OF THE ART OF 

'' WBAVIWO BY HAND AND POWER; 

Wilh Calonlations and Tables for the nae of Ihoae oonneoted with 
the Trade. Bj John Watsos, Manafnoturer and Praotioai Machine 
Hnlier. Illustrated by large drawings of the beat Power-Looma. 
a™ $10 00 

ntTEATHEBLY,— TEEATIBE OK JHE ART OF BOILIH& BU- 

'' BAR, CRYSTALLIZING, LOZENGE-MAKING, COMFITS. 
OHM GOODS. 

And olher proceaaea for Confeetlonerj, 4o. In which are oi- 
plflined, in an easy and familiar manner, the varloua Mothoda 
of Manufacturing every description of Raw and Refined Sugar 
GooJa, aa aold by Confectionera and others . . . {2 00 

WrCLL.— TABLES FOB mTALITATITE CHEMICAL ANALYSIS. 

" By Prof. He.bb.ch Will, of Giepsen, Germany. Seventh edi- 
tion. Translated by CiiiTiLEB F, IIiMEa, Pb. D., Professor of 
Natural Solenoe, Dickinaon College, Carlisle, Pa. . . |I 25 
■mitLIAMS.— ON HEAT AND STEAM : 

' ' Embradng New Tiewa of Vnporiiation, Condensation, and Eipan- 

aion. By CiiiELES Wye Williams, A. I.e. E, Illustrated. Bto. 

J3 50 

TX70BSSAM.— ON MECEAinCAL SAWS: 

•'' Erom the Transaotiona of the Society of Engineers, 18S7. By 

8, W. WoR-saAir, Jr. Illustrated by 18 large folding plates. 8io. 

$6 00 

■rarOHLER.— A HAND-BOOK OF MINERAL ANALYSIS. 

•' ByP.WoHLEB. Editsdby H. B. NAMN.ProressorofCheraistry, 
Kensselner Institute, Troy, N.Y. With numerous Illustraliona. 
l2mo S3 OD 
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OHITH.— FABKS ABD FLZABUBE OBOUNDS : 

" Or, Praolical Notes on Cnuntrj RBaidencog, ViHr.!, Pntilii! Parks, 
and GardBM. By CBinuEs H. J. SjiiTa. LandBcnpo Qardenar 
sad aurdea Architect, etc. eto. 12mo {a aS 

qT0E£8,-CABIIIEX-H&KEB'S AUS UFKOLStEBEB'S COMFA- 

" FIOH: 

CnrnpriEing the Rndimenta and PriDoiplFS of CubiDct-mnliing and 
[Tphabter;, with FnmHiur Ipi-truaiions. Illustrated by ExamplaB 
for uttBining (l Proficiency in thf Art nf DriminE, na npplioablo 
tn Cahiaet-wsrli^ The Procesne of Tenecriag. laloying, Bad 
Buhl-work ; ILa Art of Djeisg and Btaiuing IVaod, Bone, Tortoue 
Shall, elo. Directions for Lackering, Japanning, snd VBrniahlngj 
to make Frenoh Polish ; to prepare the Best QIavs, Ceraeots, aad 

gBnarollj, By J. 5T0KE9. lo ona vol. 12mo. With illUBtruLiniiB 
Jl 25 

OTKEHGTH A2TD OTHEB PEOFEBTIES OF METALB. 

*^ Ropurta of Esparimenta on the Strength and other Properties of 
Metala fi>r Cannon. With -.i Tieacriplion of llie M^ichines forTaat- 
iug Metiil?, and of the Clnssifioation of Cannon in service. By 
Oflloets of ths OrdnnnoB Dopartment U. B. Army. By authority 
otthB Secretary of War. Illustrated by SS large steel plntea. In 
ItoI. qnarto . $10 00 

SITLLIVAH.— PSOTECnOH TO HATIVE INDITSTIIT. 
By Sir EDwiKD StTLLiTA-i, Baronet. (1870.) . 8td. . tl 50 
rpABLZS SHOWISG THE WEIGHT OF BDUIfl), SQUARE, AITD 
^ FLAT BAB IHON, STEEL, ETC. 

By MeiwurBment. Cloth 63 

rrAYLOE.— STATISTICS OF COAL; 

■^ Including Mineral Bitumlnons Snbptanoe! employBd in Arls and 
Mnnafnoturea -, with thair aengrophical. Geological, and Commer. 

the American Contiaont. With Incidental Btatiatics of the Iron 
Mnnnfooluro. By II. C. Tavt.or. Second edition, rerised hy S. 
fi. HALOKMiN. Illustrated hy five Mapa and many wood engrav- 
ings. Svo., cloth $S DO 

rjiEHFLEION.— THE FBACTICAL EXAMIHATOB OS BTEAX 

■'• ARD THE aiEAM-EHQIHE : 

Willi Instructive IlefcreDoea relative thereto, for the Use of Engi- 
neara, Students, and others. By Wu. TssiFLKTONiEn^neor 12mn. 
(1 3i 
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BESRY CAHET RAIRD'S CATALOQUE. 
:01UB.— THE HODEBK PBACTICE OF FHOIOQBAFHY. 



With Geometric, Ovnl, Hnd Ecoentrio Chucks, and Elliptioul Cut- 
ting Frnuie, Bj nn Atuatear. Illustrated b; 3D niquiijita Pho- 
tDgrapha. 4to t3 00 



tnUBNEB'B (THE) COMPANION: 
■■■ CoDtaiDiDg Instraotbns m Cnm 



tions for 



I. 12iii( 



TTSBm — BBULL. — A FAACTICAL QUIDS FOB FCDDLIKe 
^ laOH AND STEEl. 

By En. Dbbts, Engineer of Arts and Manafactnres. A Priia 
Eisn; rami before the Aasocintion of Engineers, Griuianle of Iha 
Behool of Mine!, of Liege, Beleiatn. at Ibe Meeting iC ISnS-B. 
To which is addod n Cohfibihos or the EEataiiKO PaopEnTiEs 



bj A. A. FEsguET, Chemist and Eng 
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